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I. INTRODUCTION

The intent of this thesis is to solve diverse types of
problems in the field of radar and Electronic Warfare, with
the help of microcomputers, in order to help training offi-
cers to better undérstand this area of technology.

Many of our Naval Officers today have microcomputers which
they take to sea with them. In addition a new MIL-SPEC
Hewlett-Packard microcomputer is becoming operational on all
Naval combatants. These PC's have the potential for provid-
ing-an excellent resource in the tactical training of the
officer in problems in electronic warfare and radar. All too
often at sea these technical problems are brushed aside and
left for civilian technicians. There is however a great need
for the technically trained officer to be able to handle the
changing technical EW radar situations. These sample prob-
lems may provide help in attacking some of the problems that
the operating Naval officer will encounter.

Microsoft Basic and the interactive method have been used
to write the programs that solve these problems. Microsoft
Basic is an easy language for anyone to understand and as a
result, the user can easily modify the programs. Also, be-
cause Microsoft Basic is available in every microcomputer,
there is no need for one to make changes to run these programs
on different microcomputers. The 1interactive method gives one

the opportunity to input any chosen data and the ability, by

10
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changing this data, to study the different performances of

radar and jammers.

~~In solving these problems, the following have been taken
into account: The performance of the radars, the ability of
the radars to track targets, the design of radars for special
purposes, and the design and study of different types of
jammers. Special emphasis has been given to select these
problems so that there would be a diverse field of different
types of radars and jammers for numerous purposes, including
their use in different conditions of operations. This selec-
tion of problems has been done in such a way that they can
help a training officer to comprehend and perceive or to help

an engineer evaluate a radar or a jammer he/she may wish to

. - iy

design.

e

o7 ,’;_ " h . / - - ?"“,4—3»/. Ay 2 \ 7 RS ” 7‘3 / /"}:.? N
In Chapter II, the author presents mgg;rial which'is needed

to solve the problems of Chapters III and IV. A brief explana-
tion for each equation is given as in Skolnik {Ref. 1].

The third part of this thesis encompasses problems that
refer entirely to radars.

The fourth part deals with the problems of radars and
jammers and how dissimilar types of jammers affect the radars,
problems in which different categories of trarsmitting and
receiving antennas are examined, and problems on different
types of jamming techniques. Most of these problems have been
taken from [Ref. 3].

The conclusion drawn from this software development is

contained in Chapter V, Conclusion.

N S L
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Appendix A lists the computer programs and outputs from the
results of each radar problem of Chapter II.
The contents of Appendix B are similar to Appendix A but

deal with electronic warfare problems.
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II. EQUATIONS AND FIGURES

. The problems addressed here cover a wide range of ques-

A
~ e

E
Y

tions that one might encounter in radar and EW. For example,

5,

-
S
4
. )

P
-
"

what detection probability is required? What is the maxi-

- ow "

mum range given a radar's power and target RCS? What range

inaccuracies are involved when FM ranging and what problems

FFTTITE

in doppler radar occur in terms of blind spots? What improve-

2
$§‘ ments are gained from MTI radar in a clutter environment?
ﬁgl How can the radar receiver power be computed, as well as the
>: noise power, and signal-to-noise ratios? What are critical
.zgl parameters in an MTI-chaff discriminator? 1In a phased array
z;g . system, what is the beamwidth and phase shift between ele-
i . ments? These and many other problems are addressed.

;i: Herein are the functional relationships in the field

o

RS

1
3

of radar and electronic warfare which are used to solve

-

k).

the problems in Chapters III and Iv. They are given with a

)

- AL

brief description in [Refs} 1,2,3].

X X3
'
." lr.l"

k.2 Maximum Unambiguous Range:
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£ = pulse repetition frequency, Hz;

speed of light = 3 ><108 m/s.

Q
H

The factor 2 appears in the denominator because of the two-

way propagation of radar.

Maximum radar range in terms of radar and target

parameters:
P GA_ o
_ t e
Rpax ~ [(4n)2 s ] (2)
min
where:
Pt = transmitted power, watts;
G = antenna gain;
. 2
Ae = antenna effective aperture, m ;
. 2
= radar cross section, m ;
Smin = minimum detectable signal, watts.
The radar equation (2) with some modifications becomes:
P GAp_. oneE,(n) .
R4 - av a 1 (2a)

2
(4m)  k Ts Fo (BT) fp (S/N)l LS

where:

14
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, r .
max maximum radar range, m;

-

22557,
bl
1}

R X

A\l
Wy
’"} G = antenna gain;
L)
ol . 2
ﬁ&' A = antenna aperture, m
A5
L.' . Pa = antenna efficiency;
A
1
Fr~ - n = number of hits integrated
ﬁjj E.(n) = integration efficiency (less than unity)
A Ls = system losses (greater than unity) not
3 included in other parameters;
b ,
O g = radar cross section of target, m
P
° _ , . .
) Fn noise figure;
1528 , =23
e k = Boltzmann's constant = 1.38 x10 J/degqg.
SR
- To = standard temperature = 290°k
}?
x p
o B = receiver bandwidth, Hz;
A
2y _
f) T = pulse width, s;
s
- “-ﬂ- . .
‘$;$ fp = pulse repetition frequency, Hz
5
ih (S/N)l = signal-to-noise ratio required at receiver

output (based on single-hit detection).

2 “x..

XX
e

1.

Equation 2(a) is written in terms of power; it can also be

»
-’

written in terms of energy with the following modifications:

A

(a) The energy in the transmitted pulse is

T

P
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(b) The signal-to-noise power ratio (S/N); can be replaced
by the signal-to-noise energy ratio (E/Ng)ji, where
E = s/17 (received signal energy), and Ng = N/B (noise
enerqgy) .

(¢) Bt - 1, and ToF, = Tg = system noise temerature.
Then, the radar equation 2(a) can be written as:
ETGASEOnEiM)

(4m)” kT_)E/N, 118

Equation 2(b) is applied to rectangular pulses, and if matched
filter detection is employed, can be applied to other wave-
forms as well.

Thermal-noise power, generated by a receiver is:

N, = k'I‘Bn (3)
where:
B, = receiver's bandwidth, Hz;
T, = ‘temperature at which the noise power is
generated, degrees kelvin;
, -23
k = Boltzmann's constant = 1.38 x10 J/deg.
Minimum detectable signal smin:
Smin k’Tan.F (8 /No)mln (4)

where:

1.38 x10° 23 J/deq.;

It

Boltzmann's constant

-
i

-
]

standard temperature 290 degrees kelvin;

1o

he P -'I.‘h\_\,'hq..

‘ VAN R IR A -t ‘; . ‘ a\", .‘\“

PR O S,




- rrel

e SRR

<]

gl
2,

b
2ala Al

*

A A A
SRR

TX W
'._..V _-i
et

NN

b

‘N @b

7
»x

VD% 4

- v
- -Y"I’.).
“feT e

30
-

1, Xy Xt
l’;
PO} -

i
T

A,

v or

- apara a4,

SRV PSR

::5rxﬂj o
‘ll’.{'r‘.‘?‘;‘.". Q:-

(an.y

s
ER 3 3 3N

?4

Bn = receiver's bandwidth, Hz;
Fn = receiver's noise figure;
(SO/NO)min = minimum ratio of output (IF) signal-to-noise

ratio, required for detection.

False alarm probability: Pfa’

1
Pf = —
a Tfa XBIF
2
T = —l_ exp ZI_
fa BIF Zwo

where:

Tea = false alarm time;

Bip = bandwidth of the IF amplifier:
VT = threshold voltage

Yo = noise voltage.

Number of pulses Ny,

radar antenna scans through its beamwidth is:

where:

D
]

antenna beamwidth, deg.;

Hh
!

pulse repetition frequency, Hz;

17
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(5a)

returned from a point target, as the

(6)
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és = antenna scanning rate, deg/s;
W T antenna scan rule, rpm.
Integration efficiency Ei(n),
(S/N)l
By = merm )

where:

signal-to-noise ratio of a single pulse
required to produce given probability
of detection (for n = 1);

(S/N) 4

signal-to-noise ratio per pulse required
to produce some propability of detection
when n pulses are integrated at the same
Pd and PFA;

number of pulses integrated.

(S/N)

False alarm number, Nt

1
£ Pfa
where:
Pe, = false alarm probability.
Collapsing loss, Li(m,n):
Li(m+n)
Li(m,n) = Tl(—n)— (9)

where:
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N Li(m+n) integration loss for (m+n) pulses;

.. Li(n) integration loss for n pulses;
n = noise pulses;

04 m = signal-plus-noise pulses.
'

Doppler frequency shift, fd:

a = 5 5 — (10)

4
It where:

- u = relative (or radial) velocity of target with
respect to radar;

L

<4
O

f = transmitted frequency;

-
.
-

IP.,

c = velocity of propagation = 3 xlO8 w/s

o e
xe

X

If fd'is in Hz, u. in knots, and ) in meters, then

-8, A, ',lrl',
R e e

1.03u
. r
d X

e e

A
Hh
+

]

(10a)

—d L d
Pl ‘ b
Rl

Beat frequency, f

-

¥

[

h

I}

Hh e
|

i}
aly

o]
Hhy o

(11)

% 7, -' B

[a]
o]

where:

f = rate of change of the corner frequency.
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o)
b
A )
o? Blind speeds, u
..‘ n
KN
b .
i, o _ ni b
u, = T - 5 n=1,2,3,... (12)

where:

O

oy

,“a"

)

pulse repetition frequency, Hz;

e
Hh
il

At K
[
0

wavelength of radiated frequency, w.

g O

-

If A is measured in meters, fp in Hz, and the relative velocity

Ly
“ur in knots, the blind speeds are:
N
:r n\f
T Uy T 1.02 _ © Afp (12a)
r
5,:,
e Clutter attenuation, CA:
¥ ca = Pt (13)
I-"’ - _2
%ﬂ l —exp(-21~ T Gc )
*) where:
A
-
= T o= 3.14159;
T = time delay of the delay line;
0, = Ims frequency clutter spread.

If the exponent in the denominator of Eq. (13) is small, then

a £2
caA = 5 (13a)
277 F
O
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et where:

3958

ﬂl% 2 2
,9~( a = parameter dependent upon clutter = c /80u;
g g =. rms velocity spread;

B ::' u

4 . .

g‘z fp = pulse repetition frequency;

? 0" 1) N

) f0 = radar carrier frequency.

4

bk

Improvement factor of 2 pulse canceller,

a f2
5 e ° T;Lz (14)
> T o
bR
[ .
b Improvement factor for a double delay line canceller
L 4
= a f4
- ’ - . =
o I, '—z—EZ' (15)
il 21 f
583 o
;;9 . Power antenna gain,
s
B
o
D =
e G P Gp (16)
Y
!‘:
e
1§ﬁ- where:
()
99
,f}: P. = radiation efficiency factor;
W
Eﬁj Gy = directive gain of the antenna.
S
T
*i The gain G, and the effective area Ae of a lossler antenna
", '
:Eg: are related by
‘\-_",'.': 4 7 Ae 4mp, A
et % G = — = —— (lea)
: A A
21
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a where:

>
]

wavelength of radiated energy, m;

#
I's

b
[

physical area of antenna;

antenna aperture efficiency.

53 Pa
Also, the relationship between the gain and the beamwidth of

an antenna is given by

. 20,000

(16b)
®5%5

Gy 'y
(]
|

PLENS AR

R

where SB, ¢B are half power beamwidths, in degrees, measured

'“‘
22,

LN

in the two principal planes.

: Array antenna radiation pattern,

S G(8) = G_(6)G_(8) (17)

:) where:

element factor;

o GC(G)

M G_(8) array factor.

Et Half power beamwidth,

g _ 0.886 A
> eB N, cos 6 (18)
d o

- where:

A = wavelength, m;

A
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N = number of error elements;
d = distance that the array elements are spaced, m;
90 = beam position off broadside.

Phase shift between adjacent elements of the array,

¢ = 2n(d/A)sin eo (19)
where 4d, A, eo are defined as in Eq. (18).

Distance between radar and target along the line of sight,

do = /2kahl + /2kah2 (20)
where:
a = earth's radius;
k = factor account for refraction due to a
uniform gradient of refraction,;
h,,h = heights of radar antenna and target, respectively.

1772

Power received from the clutter,

P GA o
c = _E__jg_fl (21)
(47) R
where:
Pt = transmitter power;
G = antenna gain;
Ae = antenna effective aperture;
R = range
I, = clutter cross section.
23
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-'f"". . . .
v Signal power returned from a target with cross section Oy
o
s
o P, GA o+
. e
N = _E;_Q——ZE' (22)
o . R
o (4)

'1-".5

{3 Range of a 0Oth radar,
f. .,‘

' 2 2

A 4 G,G_A“0oF T,

- v

e RY = Ta 3t r p (23)
o (47)°N_(S/N)L

o~ u

s

-'[

where: R = range;

" : “
r  Eav = average power;

DR Gy = transmitting antenna gain;

o
-:a' G, = receiving antenna gain;
o
S A = wavelength;
' ~.":~.
0 o = target cross section;
» “
&N Fp = factor to account for the one-way propagation
iy effects;

. ®
onS T, = coherent processing gain;
:j Ng = receiver noise power per unit bandwidth;
¥ -
::} (S/N) = signal-to-noise (power) ratio;

b N
e
HaRt =
(N LS system losses.

-."‘"\
B

o

3o Cross over range,
S P, G B
St RZ -« _tr r o 33 (24)
iy sSs |3 G. 47 B_ S

ts 73 r
where:
Ptr = radar transmitter power;
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s
(4
:I
!lh\
= Ppy = jammer transmitter power;
N
o G. = radar antenna gain;
~a
{ Gy = jammer antenna gain;
. o} = target cross section;
. Bj = Jjammer bandwidth;
...
! B. = radar signal bandwidth;
i: J/S = Jjammer-to-radar signal (power) ratio at the
A output of the IF required to mask the radar
? signal.
b Jammer noise power per hertz at the radar,
[ P.i G, A
_ Ny = _tJ J e (25)
| 4 TR B.
|
..
- where:
Ae = effective receiving aperture of the radar
antenna;

t oul) 3

o)
i

range of jammer from radar;

(9]
]

jammer antenna gain;

YRR N ) q
3 T8 s ‘.
(W)

B. = Jjammer bandwidth;

[ 1"_"_‘.
J

P,. = Jjammer transmitter power.
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Sy Comparison of several types of spectral weighting functions:

TABLE 1
PROPERTIES OF WEIGHTING FUNCTION
- Peak Mainlobe Sidebbe

f?~ Weighting Function Sidelobe Loss width decay
. db db - (relative) function

F Uniform -13.2 0 1.0 1/t

0.33+0.66C032(n2/B) -25.7 0.55 1.23 1/t

AU cos? (11/B) -31.7 1.76 1.65 1/t3

€3

Taylor (n = 8) -40 1.14 1.41 1/t

"',; j.z;‘

3

o

Dolph-Chebyshev - =40 cees 1.35 1

)
o

0.08+0.92cos? (12/B)
(Hamming) -42.8 1.34 1.50 1/t

.,.k.,
SIS
RANRAN

B = bandwidth
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e IITI. RADAR PROBLEMS

o A. PROBLEM #1: DETECTION .
(.

-&&_ Consider the design of a shipboard search radar. False

W ‘
Y alram rate is an annoying problem for the radar operator.

'ﬁﬁi Threshold detection is to be used. The bandwidth of the I-F

KN

Ko amplifier is B = 4 MHz. Calculate the threshold-to-rms

V\H I-F

L MUy

noise voltage ( ) for a mean time between false alarms, T of:

fa’
a) 5 minutes

b) 50 minutes

c) 500 minutes

en Solution

P From Eq. (2.26) (Skolnik, pg. 25)

g Ten, = § = ©XP TN (1)

where:

- )

4
s
it
s l‘ﬂ
'.l.. s

Tfa = false alarm time;

Bip = bandwidth of the amplifier;

‘.l“:‘ ‘

d
1

;.-,-r}. R

1@
A
b

e Vo threshold voltage;

- wé/z = rms noise voltage.
Yo ™
4'*' From Egn. (1),

oty L 1/2
b 1! [ . 1
Mo Vg 2{2n(Te *Brp) ! (2)

]
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Substituting in Eq. (2) the values of T-a and Bip we find for:

Part a:

threshold-to-rms noise voltage: VT//$; 6.466 (numeric) or

8.106 db.

Part b:

threshold-to-rms noise voltage: Vt//Eg = 6.813 (numeric) or
8.333 db.

Part c:

threshold-to-rms noise voltage: Vt//E; = 7.143 (numeric) or
8.538 db.

B. PROBLEM #2: DETECTION LOSS

For a non-fading target, with probability of detection

Pd = 0.99 and a false alarm number nf = 1012 with non-coherent

integration, find the collapsing loss, if

a) n =10 and m = 10
b) n =10 and m = 90
Solution

From Figure 2.8(a) (Skolnik, pg. 31l) we can find the inte-
gration loss for Li(m+n) and Li(n), since the probability of

detection Pd and the false alarm number n_. are known.

£
Li(m+n) = Li(lO+10) = Li(20) = 1.9 db
Li(n) = Li(lO) = 1.3 db

From Eq. (2.52) (Skolnik, Pg. 59),




h

-l‘ )
W
L 8 L. (m+n)
Sl L.(m,n) = = (3)
W ittt L; ()

R
-
Yt where:
e
et — . .
lﬁﬁ Li(m,n) collapsing loss;
Egﬂ Li(m+n) = 1integration loss for m+n pulses;

3 . .

L¢, Li(n) = 1ntegration loss for n pulses.

i
\\§
t:ﬁ Substituting in Eq. (3), the values of Li(20) and L, (10),
1)

we get the collapsing loss,

.“‘\.I-“’,".
N
o L;(10,10) = 1.9 - 1.3 = 0.6 db or 1.14815 (numeric)
Rt
.'_‘ Part b:

o From the same Figure 2.8(a), we can find that
B

‘%j |

L.{m+n) = L. (90+10) = L. (100) = 4.1 db

“.* i i i
B! ;\-{,‘-{
‘-3 Li(n) = Li(lO) = 1.3 db
d' ‘*"‘

Substituting in Egqg. (3) the values of Li(lOO) and Li(IO) we

e
e get the collapsing loss
el
KN4
N
N L;(90,10) = 4.1 - 1.3 = 2.8 db or 1.905 numeric.
:;ii‘,-; C. PROBLEM #3: MAXIMUM RANGE
.
'"A A pulse radar uses a magnetron with a peak power Pt = 1.0
Sy . L "
-l Mw, a pulse width 17 = 1.0 us, and a pulse repetition frequency
iib fp = 250 Hz. It operates at & = 10 cm, and the effective
g
[P}
e antenna aperture Ae = 200 m2. Ten pulses are integrated after
;ii
20 44
e
"'{I“(
o
"‘ ;‘1
; q
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3 n
)

N detection. The receiver noise figure Fn = 10 db and it has a

o noise bandwidth Bn 1.0 MHz. Plumbing losses Lp = 3.0 db and

the beam shape Los 2.0 db. Exponential (continuous) integra-

A tion is used, resulting in a reduction by a factor of 0.85 in

‘i the integration efficiency. Threshold detection is used with
-9

|

a false alarm probability Pfa = 10 ~.
a) Find the maximum unambiguous range

) b) Find the maximum range for a detectign probability

" Pqg = 0.99 on a target with og, =1 m2 average Cross
» section, if fading follows the Rayleigh power distri-
e bution law and occurs from pulse to pulse (case 2).
. Assume there is no atmospheric attenuation.

S Solution:

! From Eq. 1.2 (Skolnik, Pg. 3) the maximum unambiguous
o range is
[\

\

' _ c
d Runamb = 2. (4)
o P

: where:

by
‘1 ¢ = velocity of the light = 3 XIOS, m/s;
R,

o fp = pulse repetition frequency, Hz;
S so,

3 R _ 30’ 6x10° m = 600 k
- unanb 2 x250 = m.
4

) Fart b:

3 a2

-, From Eq. 2.54 (Skolnik, Pg. 62) the maximum radar range
i is given by the formula,

.‘I

4

5

~ 45

N

¢




where:

max

£
p

(S/N) |

From Eg. 2.43

where:

av

Pav GA P, 0 nEi(n)_

2
(4m) " k Ty F (B O £ (S/N)y L

maximum radar range, m;
antenna gain;

2
antenna aperture, m
antenna efficiency;
number of hits integrated;
integration efficiency

(less than unity);

system losses (greater than unity)
included in other parameters;

not

. 2
radar cross section of target, m ;
noise figure;

1.38 x10723 J/deg.;

Boltzmann's constant

standard temperature 290 k;
receiver bandwidth, Hz;
pulse width, seconds;
pulse repetition frequency, Hz:

signal-to-noise ratio required at receiver

output (based on signle-hit detection).
(Skolnik, Pg. 52),
Pov = Py Tfp (6) .

the average radar power, w;

the average transmitter power, w;
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From Egqn. 7.9

where:

(

pulse width, s;

pulse repetition frequency,

Skolnik, Pg. 227),
o = 4TTAe _ 4ﬂpaA
22 A2
Ae = Apa

effective area;

physical area of antenna;

antenna aperture efficiency:

wavelength.

The total system losses are:

where:
Ls = system losses, db;
Lp = plumbing losses, db;
Lbs = beam shape, db.
So,
LS = 3 +2 = 5db =
From Fig. 2.7 (Skolnik, Py. 28),
(S/N), = 15.9 db, for probability of detection P, =
47
t I}' '};:J\f.';-:'. AP -'"-P l\-( I .r s _.::I__n":-“. B ARY -'.".\"-“ oty

bs

Hz.

(7a)

(7b)

(8)

3.1622

the signal-to-noise ratio

d 0.99

-----

i '\‘-)

.
-,‘d




N -

f ) and false alarm probability P. = 10 9. From Fig. 2.23

NN 4

2*¢ (Skolnik, Pg. 48) the additional signal-to-noise ratio
h)

(S/N)ladd = 17.2 db for case 2 and Pd = 0.99. So,

-. .\k'
o3
s$§:
:;i; (S/N)lTOT = (S/N)l + (S/N)ladd (9) -
i W
S .
K SO (S/N)lTOT = 15.9 + 17.2 = 33.1 db or 2041 (numeric).
ey .
"u_ From Fig. 2.24 (Skolnik, Pg. 49) the integration improvement
LN
. factor Ii(n) = 25 db = 316.22 (numeric),
s i-_“‘
-
N Ii(n) = nE, (n) (10)
e
!‘, where:
\:?,
':f} I,(n) = Jintegration improvement factor, db;
o E,(n) = integration efficiency;
fﬁf n = number of hits integrated. :
WL
ol
(25 From ‘Eq. (10),
Ii(n)
Ei(n) = = (10a)

and because we have a reduction by 0.85 in the integration

efficiency, Eq. (1l0a) becomes

Ii(n)
Ei(n) = x 0.85 (10b)
SO
_ 316.22 _
Ei(n) = TXO.SS = 26.537
48
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"
‘tyi Now substituting Egs. (6), (7a), (7b), (8), (9), (10) in
'5-' Eq. (5), and simplifying, we get
U 2
ﬁa _ Pt Ae g n Ei(n) 0.85 1/4
:&" Rpax = Z (11)
%
?; (4m) k to Fn Bn A (S/N)lTOT LS
)
19y 6 2 ,
h ? _ (1 x107)x(200) x1x26.537x10
%\ - -
::‘ (4m)x1.38x10 23><290><10><(1 x106)X(O.l)2XZ04l.73X3.l622
i‘!h
‘o] = 758.
'Jb 57 km
"?‘1,‘
»l
;wy D. PROBLEM #4: FM-RANGING, DOPPLER
[P
d. A CW FM radar operates at fO = 10.5 GHz. The frequency
- -
.?; increases at a rate fO = 2 GHz/sec for T = 990 microseconds,
l. !
10
{3 and then returns to its original value in T _ = 10 microseconds.
) '
) a) Calculate the frequency shift of the echo from a target
n at a range R = 5000 yards
g8
23 b) Calculate the range error due to doppler shift if the

a

e
L
A
a

closing rate of the radar and target Ur = 25 ft/sec.
:) Solution:

From Eq. 3.10 (Skolnik, Pg. 82)

WX £, = £T (lla)
o
N £, = f_ 2R/C (11b)

where:

bil = the beat frequency due to the target range;
& £ = rate that the frequency changes;

T = rate that takes an echo signal to return;
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So, from Eq.

f

r
Part b:
From Eqg.
where:

fq
Ur

A

So, from Eqg.

The range error is given by the

SO'

(11lb)

target range;

speed of light

2 ><l09 x2 x5.,000 x0.914

the frequency shift is:

3 x10

.2(e) (Skolnik, Pg.

doppler frequency shift, Hz;

relative velocity, m/s;

60.933 kHz

wavelength of radiated energy, m.

(12),

2 x25 x0.305 x10.5 x10

3 X108

R xf
f

5000 x533.75

60.933 x10

or 0.4% m = 0.4379% yards.

533.75 Hz

43.798 vyards =

(12)

(13)

40.03125 m
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\ﬁ E. PROBLEM #5: BLIND SPOTS IN DOPPLER

AR

g&: A 9 GHz radar operates with a pulse width 1 = 1 us and a

N3
) PRF fp = 1000 Hz.

$;A a) What is the first blind speed?
;E:% b) A jet aircraft is flying U_, = 600 knots. If the above
Y radar detects the aircraft;] #ill there be a doppler

C) ambiguity? Explain.

N
‘RO Solution:

\. .
w‘i From Eq. 4.8 (Skolnik, Pg. 108)
Af

'q' ] U = 14

3 1b1l e (14)
ol

il
C where:
N
£
ﬁi: Ulbl = the first bline speed, m/s;

iy

i A = wavelength, Hz;
T £ = pulse repetition frequency, Hz.
' 3. p
oy
oy So, the first blind speed is

Y
| £ 8

v

o Uy, = § -2 = 2220 x000 - 1666 m/s = 32.36 knots
§:~4 2 x9 x10
«‘-a“:.( i

Part b: i

. - !
e

s e 1 = = i !
?:; Since Uair 600 knots > Ulb 32.36 knots, there will be
’w: a doppler ambiguity.

.

F. PROBLEM #6: MTI

_Sf A 1000 Hz PRF radar with a clutter spectral width o = 10

3; Hz, uses a 3 pulse delay line canceller, with optimal weighting.
?; What is the MTI improvement factor in db?
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Solution:

v
¥
o
L]
.
v

L]
.
o

-
Py s
il

[3

 _t
™

Q
-
o

Clutter spectral width _c
radar PRF fp 1000

- e

I‘IIX .J.
Pl

nrl‘l 2 g

PR A1

From Figure 4.25 (Skolnik, Pg. 124} the MTI improvement factor

I
a
A

.
Iy
14

|S' I = 55 db, for a 3-pulse delay-line canceller, with optimum
kY weights, and ¢ _/f_ = 0.0l.
! R
“H\,'
(N
3:9“ G. PROBLEM #7: POWER, NOISE POWER, S/N
A The followina data for a pulse radar is available:
o
:ﬁ Peak power p_ = 200 kw;
S p
So iy L
R Pulse repetition rate rp = 300 Hz;
®
e Pulse width T = 60 microsec;
N
3¢
}ib False alarm time T . = 2.2 hrs;
"oy
§)
:f\ Receiver noise figure r = 65 db;
o Transmitter frequency, fo = 400 MHz;
S IF: FIF = 120 MHz;
& IF bandwidth: By = 1.25 MHz;
. Antenna power gain: Ga = 21 db;
;E; Minimum detectable signal MDS = -115 dbm.
PG a) What 1is the average output power?
o
E}; b) What is the noise power? How does it compare to the
- minimum detectable signal? What is the rms threshold
s power to noise ratio if no pulse integration is performed?
;{ c) For a target of 0 = 1 sgq. m cross section which fluctu-
— ates from pulse to pulse according to the one-plus-
t}‘ Rayleigh power distribution, what is the minimum signal
e to noise ratio required to achieve a probability of
N detection if n = 30 pulses are integrated after
ﬁb post-detection?
L
A
ﬂh".:.:
G >
):i
N
o
o

.
A
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N

d) Use (S5/N)pin = 4 db as the answer to the above problem
instead of the solution you obtained. Assume the total
system losss Lg = 1 db. What is the maximum range of
the radar for the detection of the target described

F AL S

—

above with probability of detection Pd = 0.5?
‘; e) If the radar has a minimum range R = 10.5 km, what 1is
- its approximate TR recovery time?
! Solution:
" Part a:

From Egq. 2.43 (Skolnik, Pg. 52) the average output power

may be written as:

s »
a4 1K

.: P = P X T Xf (1.6)
b av P p
f where:
& Pp = peak power, w;
" T = width of the transmitted rectangular pulses,
" sec.;
Ef fp = pulse repetition rate.
r Sc,
¥
3 -6

Pav = (200 x107) x (60 x10 ") x300 = 3.6 kw

s Part b:

From Eg. 2.2 (Skolnik, Pg. 18) the noise power N, generated

Pkl
.Ax' .

by a receive of bandwidth B at a temperature T (degrees

IF

- n.t

Kelvin) is equal to

- 3

REAE N e N A 2 D A |

N = k TB (17)

s 4

53
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k = Boltzmann's constant = 1.38 ><10_23 J/deg. ;
T = 290° Kelvin (room temperature).
So,
N, = (1.38 x107%%) x290 x (1.25 x10°) = 5x107> watts
= =113 dbm.
The noise power N, = -113 dbm > MDS = =115 dbm.

From Eq. 2.26 {Skolnik, Pg. 25) the threshold power to noise

ratio is equal to

2
VT
_"’o = Rn(TfaxBIF) (18)
where:
Tfa = false alarm time;
BIF = Dbandwidth of the amplifier;
VT = threshold voltage,
wé/z = rms noise voltage.
So,

2n(22 x 3600 x1.25 x106) = 2n(9.9 x109) = 13.6 db

............

............................................
-----------------------



...........

Part c:
From Figure 2.7 (Skolnik, Pg. 28), for probability of detec-
tion Py = 0.5 and false alarm probability Pfa = L
1

T. =<B._ _
10 fa IF
2.2 x3600 x1.25 x10

g £ 10 77, the signal-to-noise ratio

(S/N)l = 13.6 db.
From Figure 2.23 (Skolnik, Pg. 48) the additional signal-to-

noise ratio for one pulse is (S/N)lOdd = 1.0 db. So,

(S/N)lTOT = (S/N)l + (S/N)lOdd = 13.6 + 1.0 = 14.6 db

(case 4).

From Figure 2.24 (Skolnik, Pg. 49) for P, = 0.5 and for

d

n = 30 integrated pulses the integration improvement factor

Ii(n) = 11.4 db.
(S/N) _ (S/N)lTOT _
30 I.(n)

1

The minimum signal to noise ratio

14.6 (db) - 11.4 (db) = 3.2 db.

Part d:

The basic radar range equation may be written as:

P G2 Az o
4 _ t "a
(47) k T BIF Fn(S/N)30 L

s

A simple way to handle the mathematics is to convert all of

the factors to db and then add and subtract.

Numerator

Pt = 200 ><lO3 watts = +53.0 dbw
Gi = 2x21 db = +42.0 db




3%& 22 (E;ilﬂf—g)z = 0.5625 = 12.5 db (negative
e . = - . - - .
by 400 x 10 because of

‘l‘u" X ,
pBAY characteristic)

o 5 = 1lsq.m = + 0.0 db

N = +92.5 dbw

Denominator

(4ﬂ)3 = 3 x10.97 db 32.9 db

2

]
+

4 x107%Y w/nz 204 dbw

~
H
I

1.25 ><l06 Hz = + 60.9 db

w
I

-

?ﬁﬂ F. = 6.5db = + 6.5 db

“ﬁf (S/N) ;g = 4db = + 4.0 db
(]

o L = 1db = + 1.0 db

1o LD = =98.7 dbw

[N - ID] = 7[92.5 - (-987)] = 47.8 db

Y
[
IS

WS max

Ty = 60.25 km

Part e:

The recovery time is equal to

P 2R 2 x10.5 x10°

T = — -1 = 3 - 60 ><lO6 = 10 usec.
3 x10

¥ -
'}‘ ‘._‘l...
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H. PROBLEM #8: MTI-CHAFF DISCRIMINATOR

A 6 GHz, 1000 Hz PRF MTI radar uses a double delay line
canceller against chaff. What is its improvement factor in
db?

Solution:

The improvement factor, for a double canceller is given in

Eq. 4.26 (Skolnik, Pg. 133) and is equal to::
a2 f;
Toe = T332 (20)
21 °f
o
where:
fp = the pulse repetition frequency, Hz;
fo = the operating frequency, Hz;
m = 3.,14159
a = parameter dependent upon clutter.
2 2 8
The parameter a = C /80u, where ¢ = 3 x10 m/s, 0y = the rms
velocity spread.
From Figure 13 (Skolnik, Pg. 16-17), the rms velocity
spread varies from oy1r = 0.4 m/s to Oy = 1l m/s, so
2 8,2
a. = 5 = Bx100) = 7,10* ana
1 8 o2 8 x (0.4)°
‘U1 XA
2 8 2
a, = -S = 3x10) 1.125 x 101°
2 8 o2 8 « (1)
U2
57
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So, the improvement factor for a; = 7 ><10l6 is
2 _4
. _ A fg _ (7x10"%)2 x (1000)?
2¢y 2n" £ 2«1t x (6 x10°) 2
4
= 1.94 x10 = 43 db
6

and for a, 1.125 x10°, is

16,2 4
_ (1.125 x107°)° x (1000)° . _
e * o = 501.18 = 27 db

2 2 xT0 x (6 x10°)

So, the improvement factor is from 43 db to 27 db.

I. PROBLEM #9: MTI-CHAFF-CLUTTER DISCRIMINATOR

Find the approximate reduction in the improvement factor,
I, in db from the near ideal case, when the PRF fp = 300 Hz,
and the clutter doppler frequency is shifted on the average
by fe = 30 Hz and the rms clutter spread is approximately

e = 3 Hz. Assume a three pulse canceller.

Solution:

rms clutter spread _ 3

The pulse repetition freq. 300 0.01.
Also, the
mean freq. of the clutter spectrum _ 30 _ 4,
pulse repetition freq. 300 )

So, from Figure 4.34 (Skolnik, Pg. 141) the reduction of the
improvement factor I = 24 db, for the near ideal case and for

three pulse canceller.

T

LN

v*w:v'vj
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J. PROBLEM #10: PHASED ARRAY-BW
The radar AN/FPS - 108 (COBRA DANE) is designed to scan

up to 60 degrees off the antenna center axis. Assume the
separation between two adjacent active array elements d = 210
cm and the radar is operating at fO = 1250 MHz. The diameter
of the phase array antenna is D = 29 m.

a. What is the phase difference between two array elements

along the horizontal direction if the antenna is

steered along this direction, 10 degrees off center?

b. What is the beamwidth at this angle, if each array
element has the same output power?

Solution:
Part a:
In order for the main beam of the radiation pattern to be
positioned at an angle eo = 10°, the phase shift between

adjacer.t elements of the array must be:

d .
o = 2'nX sin 60 (21)‘
where:
d = separation between two adjacent elements, m;
A = wavelength, m;
eo = degrees of center, of the position of the
antenna.

So, the phase difference between two adjacent array elements

6
= 27 0.2 -1250 x10  ip (10) = 52.09° (0.9 radians)

3 -108
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B

l’ ¢
m? Part b:

Ay

Q$ From Eq. 6.13 (Skolnik, Pg. 284) the half-power beamwdith
el
) is equal to:

5%

tg 0.866 A

r 0 = . (22)
o B N d cos eo

1

v)

i where:

!

Y358

;;* N = number of elements = 1;

'o‘ﬂd.

N d = diameter of phase array antenna, m;

ST
:%p 60 = degrees of center, of the position of the
ol antenna;

ol
o A
;3& = wavelength, m.

{)

(AN
L;{ So, the beamwidth at 60 = 10°, for the same output power of
R
o each array element is equal to:
BN

o 8

2 by = 0866 3 x 10 = 7.28 x107° radians
‘yw 1 x29 x1250 x10~ xcos 10

= 0.417°
J

v
Al
'*;: K. PROBLEM #11l: PULSE RADAR-RMAX

NN

'~i Estimate the maximum range Rmax for the following pulse
20 radar system:

~

roe Antenna gain G, = 21 db;

A

e Peak power P, = 2 MW;

e
-, Frequency fO = 500 MHz;
g%ﬁ Ambient Temperature T, = 62°F

{2; Receiver bandwidth B, = 1 MHz;
.‘;

<

§ 60
@
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Target: Jet airliner witho= 5 mz;

Receiver noise figure Fn = 10dbw;
Pulselength T = 3 microsec.;
Ii(n) = nEi(n) = 16.5 db.

It is desired that the probability of detection be at least
90% and that the false alarm rate not exceed lO—ll. Assume
system losses are compatibhle with an airport surveillance

radar system Ls = 6 db.

Solution:

The basic radar range equation may be written as:

4 P, GC A" on Ei(n)

2
t o (23)
(4m)° k T_ B_ F_(S/N)| L_

g N

For the numerator:

= 2 xlO6 watts

P, = = + 63 dbw
Gi = 2 x21 dbi = + 42 db
Ag = 0.36 m2 = - 4.4 db
o = Sm2 = + 7.0 db
nEi(n) = 165 db = + 16.5 db

L N = + 124.1 dbw
Denominator:

(4Tr)3 = 3 x10.97 db = + 32 db
kT, = 4 <1072t wmz = - 204 dbw
Bn = lO6 Hz = + 60 db
Fn = 10 db = + 10 db




: (S/N)l = 15.4 db = + 15.4
- Ls =6 db = + 6 db
o D = -79.7 dbw
gd
mﬁ Riax = %[ZN - D] = %[124.1 - (=79.7)1]
)
0p _ 203.8 d = 51 db
a8y 4
o>
)
s = = i
& Rmax 122.5 km 67.2 n. miles
}"\ L PROBLEM #12: TWS, PROBABILITY OF DETECTION
o The AN/SPC-10 radar has the following operating parameters:
@
o Frequency 5600 MHz
i
2
%}: Power (peak) 200 Lw
VN
0 PRF 625 Hz
_{g Pulse width 1.4 microsec.
1
f’? Antenna scan rate 16 Hz
e
:) Azimuth beamwidth (3 db) 1.5 degrees
:‘}' Antenna gain) 33 db
0
::% Receiver noise bandwidth 1 MHz
ey
:f‘ Receiver noise figure 9.88 db
{5 System losses (ahead of receiver) 5 db
if False alarm time 2 days
‘; Antenna noise temperature 75 degrees K
:" .
EQ: PPI display + operator
~:\v/
H} (a) Calculate the number of hits/scan on a point target
-
¢ (b) Determine the single pulse S/N in db required to achieve
e a detection probability of 0.95
94,
g
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(c) Determine the integration improvement factor

(d) Calculate the minimum detectable signai power in dbw

(e) Calculate the peak effective radiated power in dbw

,ﬁ (f) Calculate the effective area of the antenna in square
T meters

RN

S (g) Calculate the maximum free space detection rancge in
¢. km for a detection probability of 0.95 (with false

br, alarm time = 2 days) on a 0 dbsw non-fluctuating point
! target

>
" Solution:
!.'
;:; Part a:
ﬁ.
kﬁ The number of pulses ng returned from a point target as
Syt
'; the radar antenna scans through its beamwidth is
o
‘53 = _EE___ T £ = (23 x (&) « (625)
05 g 2 x180 s 'p 360 16

9.77 hits/scan

Part b:

The probability of false alarm is

Pe, = T;B = L z = 58 x10 12
fa "IF (2 x24 x3600 sec) (10 Hz)

From Figure 2.7 (Skolnik, Pg. 28) the signal-to-noise (power)

ratio is (S/N); = 16 db for Py = 0.95 and P,_ = 58 «10°12

N
e

[t 3
A, dghy Iy 4yt
AP AR

%

E)

19

Part c: j

-~
—

From Figure 2.8(a) (Skolnik, Pg. 31), incoherent integration i

‘Y‘

e
S ety

of 9 pulses gives Ii(9) =7 = 8.4 db.

e

PY:
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Part d:

The minimum detectable signal power is given as

MDS k’ro BnFn = 138 ><lO_23 x 290 XlO6 x9,727 = -134.1 dbw
Part e:
The peak effective radiated power is equal to:
Pers = Pe G (24)
where:
Pt = 200 xlO3 N = 53 db (transmitter power);
G, = 33 db (antenna gain).
SO’
Peff = 53 + 33 = 86 dbw.
Part f:
The antenna effective area is equal to:
2 -2, 2
_ A (5.35 x10 7)
Ae = Z_T?XG an x 2000
2
Ae = 0.456 m = =3.4 dbsm
Part g:
The maximum radar range Rmax is equal to
. ) Pt bt Ae o I (n) - 25)
max Ta +Te
(4-) k TO (—T*-——-)Bn (S/N)l LS
0
64
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(1) 10 loglo(4n)2 = 22 db
T +T

(2) 10 log(-2—2) = 10 1og10(25—%§%39) - 9.53 db

O

10 log (R ) = (86 dbw - 3.4 db + 0 dbsw + 8.4 db]

- [22 db - 204 + 9.53 + 60 + 16 + 5]

4

10 log,, Ko = 182.5 db

. 4.56 _
R = 10 = 36,307 m.
so,
Roax = 36.3 km (Pd = 0.95 on 0 dbsw target)

M. PROBLEM #13: RECEIVER'S BANDWIDTH

A 10 GHz CW doppler radar of single sideband superhetero-
dyne design, has the block diagram shown in Figure 3.4, pg. 75
of [Ref. 2]. The radar is to be designed to measure the speed
of vehicles with RCS = 10 dBsm traveling at velocities up to
100 mi/hrs at ranges up to 1/2 miles. For reliable operation,
a signal-to-noise ratio and 15 db is required at the output of
the IF amplifier. The receiver noise figure is F = 7.25 db,
plumbing loss is 2 db and Ta = 300 degrees K. The transit
and receive antennas have gains of 20 db each.

(a) Calculate the required receiver bandwidth

(b) Calculate the required receiver input signal power 1in
dbm
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)
5- (c) Calculate the one way free space loss in db for a
_;: target vehicle at a range of 1/2 miles
a (d) Calculate the required transmitter output power
!,;'
;u Solution
L Part a:
‘ -
W = ; =
\ Urmax 100 mi/hrs 44.72 m/sec
I
'
o 2U_f 10
i fd - 2 O _ 2x44.72 210 Hz _ 2981 Hz
. 3 x10
5
»?4 B = 2fd = 5962 Hz = GkHz
by
i Part b:
2
s The receiver input signal power is equal to:
Y
.
. 'l‘a+Te
e Sin = k(Ta +Te)B(S/N)out - }<To( TO )B(S/N)out
K> (1) kT_ = =174 dbw/Hz
o) T_+T
. a e _ 300+1250 _
2 (2) - T = —>290 5.34 = 7.28 db
& °
-J'*.
uy (3) B = 6 kHz = 37.8 db Hz
’A
2 So,
\ \-:.'
‘\.-_I'
Ei Sin = -174 + 7.3 + 37.8 + 15 = =114 dbm.
' Allocate 1/2 of the plumbing loss to the receiver (1 db).
Taking this into account, we would require
LU
$¢ Sin = =~ 113 dbm.
o 66
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Part c:

O I

—l../.; I.l

PaPard

The one way free space loss is equal to

a
=

o 47R, 2 _ 47 x 805 m, 2
m Log ()" = 10 log o (—5 o3

0

10 loglo

110.6 db.

D Lot

Part 4d:

The required transmitter output power is:

o Pe T Pegg 7 G * (g = G -G (26)

10 log,, 22 = 41.4 ab
A

I l’ <
(9]
Il

;?3 So from Eg. (26) we get
e

41.4 db + (2 x110.6 - 20 - 20)

o
li

~ 113 dbm

ﬂﬁ, P

> . 26.8 dbm

If we assign the remaining 1 db of plumbing loss to the trans-

mitter, we obtain

] P, = 27.8 dbm

¢ 603 m Watts.

]

S N. PROBLEM #14: BLIND SPEED--MTI

An 1 GHz MTI radar operates with a 4 period stagger T1:7T2:
N T3:T4 = 25:30:27:31 and Tavg = 0.001 sec. Calculate the periods
T: : Tl ~ T4 and the first blind speed in knots.

P
RPN
‘e T e e
1% .
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Ny Solution:
0y
i}‘: Tl 2 3 4 3

o + T2 + T3 + T _ _ -
rA? 7 = Tavg = 10 sec (27)
Q@ﬁ
i 25 _ 30 _ 27 _ 31 (28)
N Tl T2 =~ T3 T4
i
»

’k Substituting Eq. (28) in Egq. (27, we have
N 25 30 27 31 _ -3

113 71 _ -3
e oo - 10
X

o Tl = 884.96 usec
.0
R T2 = 1061.9 usec
s T3 = 955.76 usec
. T4 = 1097.35 usec
o

N The first blind speed is (in knots)
yjq

) Moo 25 +30 +27+ 31) 0.3 x10°
N <Y Ul = il 02( a ) = -—W—'— 8309 knots
J.::{:‘ . .

g
: i O. PROBLEM #15: MTI WEIGHTS--DELAYS
a3 An MTI radar operates at a frequency 1 GHz with PRF = k
?}, KHz

Xhe
W (a) Calculate the first blind speed in knots

®-
o (b) Sketch a block diagram of a 4 pulse canceler for this
Qﬁi: radar. Show correct weights and delays
o

zﬁﬁ (c) Calculate the clutter rejection in db at a frequency
RS of 25 Hz for the 4 pulse canceler
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(d) If a target with a radial velocity of 200 knots is
% viewed with this radar, of what frequency will the
{\ bipolar wvideo fluctuate?

) Solution:

[

X Par+ a:

-

5 AE 3

5 Uy = 15y = 255321000 594 118 xnots
N * 107 x1.02

P2

K pPart b:

3 —_—

0 - T

3 T T X

3

|

2 @

)

)

)

)

5

+

i ;

i, TL = T2 = T3 = 10 ~ sec

":: i - |

- W= (-ntTt 2 =1,2,3,4
& (n-i+l) " (i-1)! - 3

1. -

N .0 31

- Wi = (1) 357 = 1

}J‘

-'

y 1 !

¢ W2 o= ()T g = -3

&

x,
(38
w

W3 = (=1)7 =—=— = 3
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Part c:

s

The relative response of the 4 pulse canceler is

Py

— ety
2
2%

?; H(i(f;) = sin3(ﬂfT)

5 D

0o

AR

Aﬁf For Fy = 25 Hz, the clutter rejection is

ko ,:‘

S0 . 3,7 25

e - 20 log,, sin™( ) = -60 log(.078)

Eu 10 1000
o

{ —

7Y Rejection 66.3 db |
.\:.:1 |
e !
Y Part d: i

TR
Ay

The bipolar video fluctuates at the doppler frequency

2Urfo
d c

Ty
p Al
Hh
]

- e e

,&;’

if Ur is in knots,

v

o
a

e = 2% Y% 1.03x200
d X 3

bl ot o
L
o ok e

1Y
v

%

686.7 Hz

g
Hh
ol
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IVv. EW PROBLEMS

A. PROBLEM #1: DETECTION RANGE, UNAMBIGUOUS RANGE
A shipboard surface search radar has the following

characteristics:

Frequency fO = 5600 MHz
Pulse width (long) TR = 1.3 s
Pulse width (short) T, = 0.25 s
Power output (peak) P, = 200 kw
PRF fp = 650 Hz
Bandwidth (long pulse) Bre = 1 MHz
Bandwidth (short pulse) B.g = 5 MHz
Antenna scan frequency Wm = 16 RPM
Azimuth beamwidth ¢B = 1.5°
Elevation beamwidth SB = 14°
Antenna noise temperature Tu = 75 degrees k
False alarm probability p = 1lE-11
Receiver noise figure Fn = 10 db

The radar polarization is linear and deflections are made by
an operator using a PPI display.

(a) Calcualte the maximum detection range for a 1 square
meter non-fluctuating target, assuming that a detection
probability Py = 0.95 is required. Neglect the effect
of reflections from the sea surface

(b) Calcualte the maximum unambiguous range of the radar
(c) Calculate the range at which an aircraft with RCE = 10 dBsm
will be detected with Pg = 0.95. Assume the target is

non-fluctuating and the radar is operating in the long
pulse mode.
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)

: ) (d) Assume the radar antenna is 50 ft above the sea surface.
'ﬁ\ For the case where the above aircraft is at the maximum
L detection range, calculate the minimum altitude at
e which the radar can see the target in a standard

’ atmosphere

e

R (e) Suppose that the radar signal is received by the air-
{j\ craft above using a circular polarized antenna with
g 0 db gain. What is the single pulse power (in dbm)
e at the antenna output terminals, when the aircraft

.? is at the maximum detection range? (Assume system
AN s

.4‘14

k{j (f) Calculate the camouflage factor ¢, for this radar as
j? given by Boyd et al., for the long pulse mode

. (g) Suppose the aircraft above carries a noise jammer and
S transmits a 30 MHz, circular, polarized spot noise
o signal, covering the radar passband

ir.

;VV Assuming a J/S = 5 db is required to work the target,

)‘.i

? calculate the Jammer output power required to achieve a 10
ot

: g nuatical miles burnthrough range, when the radar is operated
x ' ° 3 . l 3 . . .

W in the long pulse mode, if a 0 db gain jamming antenna is used.
88,

Wi Solution:

e —

?3 The maximum detection range is equal to

! :4

Q_ . P, G, A, 0 n E, (n) 1/4

Mo Ruax — | 2 ] (1)
'{f (4m™)" k Ta+Te) B, (S/N)lmax

=

.

BV 1 where:

®

_h“,“" 3

zﬁ, (1) Pt = peak output power = 200 x 10

iy

ij: (2) G = antenna gain = 41250 _ 41250

P a g 850, 14 x1.5

\““1

T

do * 1964 = 32.9 db

W

,‘:ﬁ

¥,
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(3)

(4)

(6)

(7)

(8)

(9)

Using Eq.

Rpaxy =

R TN TN EN PR IR R T Ry gnee gty vy wovwy .

A Ga c Ga
Ae = antenna aperture = el f; i
3 xlO8 1964 2
= 6) i = 0.449 w
5600 x 10
= radar cross section of target =1 m2
¢Bf T
Number of hits integrated = ——7%—5
_ 1.5 ~1 60 _
= 360 x (650 sec ) (Ig)sec = 10 pulses

From Fig. 2.8(a) (Skolnik, Pg. 31), nEi(n) = Il(lO) = 7

T = effective noise temperature = (Fn -1)T

e o}

where Fn = 10 db = 10 (numeric) and TO = 290°K, the

standard temperature. So

To = (10-1)290 = 2610°K.

6

=23
k(Ta +Te)Bre 1.38 x10 (75 +2610) 10

= 3.7 lO—14 watts (long pulse)

(S/N)l = signal-to-noise ratio required at receiver
output = 16 db = 39.8 (numeric) from
Figure 2.7 (Skolnik, Pg. 28).

(1), we find that the maximum range is

(2 x10° w) (1964) (0.449 w?) (1 w?) (7)

(4m)% (3.7 x10- 14 w) 40

Il

47.9 km for the long pulse, and
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to

1/4 1/4

§§ and
= (==2) 47.9(1/s) = 32.08 km

:f Ruaxs = Fnaxt ‘B
h“

rs

»3& for the short pulse

So, for 0 =1 m2 and Pd = 0.95,

47.9 km (long pulse)

Y
i Rpax

NG
CheY Rmax

32.08 km (short pulse) |

°® Part b:

Y The maximum unambiguous range R, is equal to

- 8
3 R = S = 3x10  _ 535.77 km

p 2.650

‘}f Part d:

™ For a 0 = 10 m2 target, the detection range will be
,,; lOl/4 = 1.78 times greater than that for a 0 =1 m2 target. |
iq*; So, the range at which an aircraft will be detected with
e 2 '

) c =10 m, Py ~ 0.95 will be

R = 1.78 mea = 1.78 x47.96 = B85.36 km

?F' Part d:
J

. The distance between radar and target along the line of

AN
IR i Y

sight is: .

v
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x
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where:

hl'hZ = heights of radar antenna and target,
respectively;

h = 50 ft;

dO = 85.3 km = 52.9 miles.

So, from Eq. (1),

V2 x50 + /2h2 = 52.9 or h2 = 923.77 ft,

is the minimum altitude at which the radar can see the target.

Part e:

The single pulse power at the antenna output terminal is

2

Pt Ga A Gr
Pr = 5 (3)
(4m) R™ (4m) L .
P
where:
(1) Pt = peak output power Pt = 200 kw
(2) G, = antenna gain (calculated in part a)
= 32.9 db = 1964 (numeric)
(3) G, = receiver antenna gain = 0 db = 1 (numeric)
8
(4) A = wavelength = c/fO = 3_119___€ = 0.0526 m
5600 x 10
(5) R = range at which an aircraft will be detected with
RCS = 10 m2 (calculated in part c) = 85.3 km
(6) Lp = system losses = 3 db = 2 (numeric)
75




il
iy Using Eq. (3),
"
3 : 2 lO5 3 2
N (4m) 7 (83.5 x107m) " (2)
Ko
Part f:

i .
"»'\5' The camouflage factor ¢ is
:E' \/
K 4 £ 1/3
¥ c = - x (32) (4)
“!q (l +
ne Te Bre
2 where k = 1640 or 400, T_ = Pulse width (long) = 1.3 us

s

'tﬁ From Eq. (4), we get

,‘ :~

L]
Mg 4 650 ,1/3
AT ¢, = T (fege) /> = 2.66 ab
kz{ 1+ 6)

- 1.3 x10 x 10 .
0.-
23 c, = ! o (2913 o 47w
Y 2 1 2 400
:. ".' l + ( _6 6)

."-g} 1.3 x10 x 10
) Part g:
SH
%;: The jammer output power P; is equal to:
KL
R P G 0g°L_C
, Pj = t % P (5)
#:}:.. 47 RB Bre Cj
AL

AN
-52% where:
]
P ool (1) Pt = peak output power = 2 x 10~ watts;
o

“
2124 (2) RB = Burnthrough range inm = 18.5 r<lO3 m

o
‘Z' (3) o = target radar cross section = 10 m2
16‘{.
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(4) G = 1is the antenna gain = 1964 (numeric)

a
(5) Lp = system losses = 2 (numeric)
(6) C = J/s = 15 db = 31.6 (numeric)
(7) Bre= bandwidth for long pulse = 106 Hz
(8) Br = Freq. the jammer transmits = 30 ><lO6 Hz
(9) Cj = gain of the jamming antenna
(10) g = propagation factor (Assume = 1)

From Eq. (5), we get

5 2
J 4m(18.5 x 10~ m)“ (1 MHz) (1)
or Pj = ,197 w/MHz for Br = 30 MHz

B. PROBLEM #2: ARRAY BROADSIDE POWER GAIN
The AN/SPS~-85 is a multifunction phased array radar used

for search and track of missiles and satellites. The operating
frequency fO = 442 MHz and the transmit antenna is dl Xdz =
26.9 x26.9 m rectangular array of N = 5184 elements. Assume
that the illumination efficience of this array p; = 0.65 and
that the feed and phase shifter losses amount to Pr = 1.8 db
for each element.

(a) Calculate the array broadside power gain

(b) Estimate the (pencil) beamwidth

(c) Calculate the spacing between elements assuming that they
are uniformly spaced
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il (d) Calculate the directive gain of an element

(Hint: Assume uniform illumination when making this calcula-
A tion and use the pattern multiplication theorem.)

! Solution:
Part a:

Ly
) The array broadside power gain Gp is equal to

:;: Gp = T (6)

. 8
A _ _ ¢ _ 3 x1o0 _
'; where A = wavelength = F=——=xg = 0.678 m

e} 442 x 10

° A = antenna effective area = pipRA

where:

{
' p. = illumination efficiency of the array = 0.65;

0—.18

S8 .
tﬁe Prp = phase shifter losses =1 = 0.66;

A = area of the antenna = 26.9 x26.9 = 723.6 m2

SO,

2

>
i

(0.65) (0.66) (723.6) = 310.4 m

Using Egq. (6) with the above values we get

:‘;%; a, = UMGI0-3) o 8476.75 (numeric) = 39.28 db
L (0.678)
h
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Part b:

%#: The beadmwidth is given by
"\n

IS 5 = [4125011/2 - 4i2s0 ]1/2 t 1.go
) G _/p T~ 'B476.75 -
e R T0.66

N Part c:
] Farc ¢

“ﬁ The spacing between elements, assuming that they are uni-

W formly spaced is
s d = 177 = —5— = 0.374 m = 0.55 )

- Part d:

s The directive gain of the array is equal to:

(7)

3 *
bdarray Gdelem Gdgroup

K. where:

Gdgroup >184;

& Ggarray 12795

So

2l
QE& _ Sdarray _ 12795

R dee "~ Cagroup

= 2.47 3.9 db
@i% C. PROBLEM #3: JAMMER'S REPEATER GAIN, JAMMER'S OUTPUT POWER
T A conical scan radar missile seeker has the following

*
‘ parameters:
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e
o
(5

L&

: output power (peak) P, = 1 watt
PR ¢
Qﬁ Boresight antenna gain G, = 38 db

o
hﬁ' Antenna polarization linear
A Frequency £, = 93.7 GHz
29
h } RF losses L_ =3 db
A P
?5 Receiver noise bandwidth B, = 500 MHz
\
g,% Receiver noise figure F =11 4db
:?f Pulse width T = 50 ns

PRF fp = 100 kHz

'”f integration time T. = 50 msec
2 *
58
A The clear weather attenuation at this frequency At = 0.4 db/km
o
o and the sky temperature for cloudy conditions Ta = 270 degrees K.
)
W,
$ﬁ( A repeater jammer is to be designed to protect a target with
I
\)
] RCS = 14.8 dbsm.
?a; (a) Calculate the maximum unambiguous range for this seeker
T
g@j (b) The jammer uses circular polarized antennas with 10
» degree pencil beam. Calculate the repeater gain

required to realize a J/s of 10 db

N (c) Calculate the jammer output power required at a range
ShEN R =1 km
B ‘,‘.-
e
b (d) Assume that the seeker antenna has RF losses RFL = 1 db,
e an illumination efficiency rj = 60%, a crossover loss
q Leg = 1 db and a pencilbeam pattern which is approxi-
Ll mately Gaussian in shape. Calculate the diamter of
DS the seeker dish antenna
f?j (e) Calculate the squint angle
PN
®"
e Solution:
;;: Part a:
S The maximum unambiguous range is equal to
'4::-.:
o 80
el
! 4.::-\:
b,
@

o

. vrl
’ ‘-‘A
’ nl

e

......

4
12
.
.
I3
.
H
e
)
.
v
1




L)

.
"
A

e 5
ﬁ\ R _ c _ 1.5 x10" kw/sec

. = 1.5 km
?ﬁ e 2fp 105 Hz

;' n . Part b:

HeY For the calculation of the gain of the repeater we have

2 st = . (8)

200 and

;dn J' = > 2e 2 watts (9)
°® Substituting Egqg. (8) into Eg. (9), we get

iy s' _ e e
J_l'

L
'n(l

or

»

AN
s
t
[\
Q

G = (I B~ (10)

,
&
i
1

Sk o)
(]
.

for 10° beam ~» G = — = 412.5 = 26.2 db

‘lll
[y
—
o

3

4
)

-3 .2
A = A g (3.2 x10 ~ m)

e 4T - 4T

412.5 3.36 x10 " m

- 2 2

(3.36 xlO-zrm25(412.5)

e Part c:

‘- The jammer output power at a range R 1 km 1s given
o as:

ol 81
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AL

i

»

SRR T R
e e S e

‘?‘1‘1"-" -'_x‘-'
[ET L PR

IAE A A
N ‘
‘rJ\V'_':"p
Tron t_a

1

e @

Ll

out

where:

e

N B
I

P

So, from Eq. (1l0) we get:

(1 w) (6310) (10

e M dan g Ldm e e e

-akR
Pt Ga e A

4ﬂR2

o o
o

output power (peak) = lw;

boresight antenna gain = 38 db = 6310;
e-'4/lo = propagation attenuation;
effective antenna apertue;

Repeat gain anetnna;

RF losses = 3 db = 2 (numeric)

.4/10) 4 2 4

The effective aperture of the antennat

out
= 0.67 mw
Part d:
Ae = pRpiA
where
Pr

(3.36 x10 © m“) (8716)
(41) (10° m)° (2)

2 2
_ A _ ™D N _ A
= 37 © PRPi 71— D = 7VG/pgP;

107 1/10 _ 0.794;

= 38 + 1 = 3¢ db = 7943 (numeric)
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p = 22 5570790 (6) = 13l mm = 13.1 cm
Part e:
_ -2.776 . ,. 2
-1 db crossover loss -+ él = .7943
o
2.776(8 /3)° = 1n(:2)
2. ¢ °B = n Go
Sq/GB = .,288
. AT - Vaiosid
eB = /41253/Gd = 41253/10 = 2.03
So, the squint angle Gq = (.288)(2.03) = .58 degrees

D. PROBLEM #4: PULSE-COMPRESSION RADAR, NOISE JAMMING POWER
A shipboard pulse compression radar with a phased array

antenna has the following parameters:

Array size A =3.65m 3.65m
Frequency fo = 3.3 GHz

4;e Feed and phase shifter losses Lf = 2.5 db/element

o P

;;} Sidelobe level S.L. = 30 db below mainbeam

EEE Illumination efficiency p; = 0.5

&“% Polarization linear

?ﬁ% Output power pt = 4w

2TV

2
<,
I
—
o
o
o




‘. A A S E " atis - plid =y - va Cjatgl gt gt il Tl " sl oSt -k ‘I S ek d- S f A i ~ aadiah il ~ Y ', .wm'"_iwr_fw-wﬁrwmwvamr~'—.-.-..T
n
"

#g }

‘ |

o Weighting filter loss L, =3 4db

p ‘-. |
‘Q§ Integration (of compressed pulses) coherent

hh

W .

N Minimum output S/N for

R automatic detection (S/N)min = 13 db

5,908

,(:

hrl A raid of cruise missiles each having RCS = 3 dBsm have been
L)

L8/ . . . . .

r) launched at the ship. Two special purpose noise jamming ECN
N ~ . ,
k.4, aircraft have been positioned at a range R = 100 km to provide
ot

Cn? - . . . : .
‘ff{ screening. Each aircraft carrier Cr = 18 carcinotrons and is
3 1 M

configured with circular polarized high gain, steerable jamming

gﬁi antennas, such that the ERP = 10 kw/tube. The bandwidth of
£ |

‘&ﬂ the noise has been matched to the radar receiver bandwidth.
.1“‘:‘-

 J Assume that the propagation factor g = 1.

b s

:{} (a) Calculate the effective area and power gain of the

- phased array

R (b) Calculate the noise jamming power at the output of the
_ phased array(receiver input). Assume that the jammers
'y? are in the radar antenna sidelobes .
._‘-::

;ja (c) Calculate the single pulse echo signal power at the
e output of the phased array assuming a cruise missile

1 is illuminated at a range Rl = 80 kw

W . . .

- (d) Calculate the single pulse J/S at the receiver input
T and at the receiver output

:2; (e) Calculate the number of pulses that must be integrated
:’ to achieve burnthrough against a cruise missile at a
s range R2 = 80 km. Assume the integration efficiency
B is 1

1

N

i |

NSRS Solution:

oo =

!: The effective area of the phased array
R _'..
-0 -.25 2 2
N = . = = 7
o A, Pi pRA (0.5) (10 ) (3.65 m) 3.75 m
SIS
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where:

The power

Part b:

Noise

where:

So

P; ©
Pp ~
A =
gain
G =
p
jammer
P. =
J

P_ =
J

G_ =
J

Ae =
R =
L =
m

P. =
J

the illumination efficiency;
the phase shifter loss;

area of the array.

4mA _ (4m)(3.75 m?) - 5696
\2 (3 x10° ]2
3.3 x 107

power 1is equal to:

(12)

the jammer power = lO4 watts;

jammer gain = 2 x18 = 36;
effective area of the array = 3.75 m
the range = 100 km = lOSm

the losses = 3 db = 2 (numeric)

(2 x18 x10%) (3.75 x 103 m?)

(47) (10° m) 2 (2)

5.37 x10"° watt or -82.7 dbw or -52.69 dbm




9
o Part c:
d T ———
% The single pulse echo signal power is
prl
aa P, G ¢ A
B s = __2__2_t P e (13)
;;} (4ﬂRl)
'
K.
v where:
>y
?f P, = output power = 4 xlO6 watt;
e
,f: Gp = power gain of the array 5696;
.VQ o = RCS = 3 dbsm = 0.5 m“;
o
ot R, = range of the cruise missile = 80 kw
e
00
® So,
e 6 2 2
S s = (4 x10  w) (5696) (0.5 m") (3.75 m"”)
\‘\-‘ —
o (4m) % (80 x10° m) "
A = 6.61 x10"1% watt or -111.8 dbw or -81.8 dbm :
L
3
oo, Part d:
s The single pulse (J/S)in at the input of the receiver 1is
sl
2%
A (J/S) = (-52.69 dbm) - (-81.8 dbm) = 29.2 db
b where:
O
o
e J = Jjammer noise power = -52.69 dbm from part (b);
o
rj S = echo signal power = -81.8 dbm from part (c).
:
'u3 The single pulse S$/J at the receiver output is
R
‘-
Sty = - = - - 1 = -
.\&. (S/J)out = (S/J)in + (2TW) LW 29.2 db+ 30db- 3cb 2.2db
I‘.‘
A ;}. 86
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So,
(J/S)Out = +2.2 db

Part e:

For perfect coherent integration we get

Ii(n) n = (S/N)min - (-S/J)o 13 + 2.2

ut

15.2 db ~» n = 33 pulses

E. PROBLEM #5: STAND OFF SPOT NOISE JAMMER

A mortar location radar has the following operating

characteristics:
frequency fO = 16.1 GHz
peak power Pt = 80 kw
antenna mainbeam gain Ga = 46 db
antenna sidelobe gain Gp = 16 db
PRF fp = 8600 MHz
pulse width T = 0.25 usec
receiver noise figure F = 12 db
receiver noise bandwidth B, = 5 MHz
antenna noise temperature Ta = 290 degrees K
antenna sector coverage Ss = 25 degrees
antenna scan rate Sr = 167 scan/sec
antenna polarization linear
plumbing losses Lp = 3 db

This radar is to be jammed by a standoff spot noise jammer.

The jammer has the following characteristics:

87




‘geh
ﬁg Type FM/noise
oy _
1 Power output P, = 100 w (cw)
A%
) PF noise bandwidth Brf = 20 MHz
‘ﬁr Antenna gain G. = 23 db
o J
U
9* Antenna polarization circular
"E‘.
) (a) Calculate the noise jamming power which can be ejected
k. into this radar receiver through the radar antenna
{ sidelobes from a range R = 20 km, in clear weather.
. : Assume a line-of-sight path and neglect atmospheric
Q,. absorption
-3
(b) With the jammer positioned at R = 20 km as described
S above, the J/S = 24 db, when a certain mortar round passes
AN through the radar beam at a range Ry = 4 km. If the
j}ﬁ- required camouflage factor is ¢ = 0 db, at what range
;’ﬁ will these rounds burn through?
| J
Al Solution:
e -
:EE The noise jamming power is given by the equation
-';:-::
B P, G, By A_
. g = 3 (14)
4 1R L
e " P
1:
e where:
e . _ 100 w _
&§~ Pj = Jjammer output power = 50 MHZ - 5 w/MHz
h
:&g Gj = jammer antenna gain = 23 db = 200 (numeric)
Y
"4
iﬁ Bn = recei'rer noise bandwidth = 5 MHz
3: Ae = effective antenna area = ka2/4n
I
.§§§ where Gp = antenna sidelobe gains = 16 db or 40
i
.- A = wavelength = c/f_ = 3 x10°/16.1 x10°
o,
.:_\_: = 0.0186 w
T
o
&f So,
2% 88
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(40) = 1.1 x10"° m?

‘ii A = (0.0186 w) 2
08 e 4m
LAY

)
=
i

plumbing losses = 3 db or 2 (numeric)

range = 20 km = 20 Xl03m

P e T2 ",
-
I

V) Thus from (14)

e (5 w/MHz) (200) (5 MHz) (1.1 ><lO_3 m2)

nt (4m) (20 XIO3 m)2(2)

J = 0.549 x107° watts
K J = -92.6 dbm

J = -62.6 dbm

» Part b:

4 4

J is constant for a standoff jammer while S varies as 1/R’.

ﬁﬁ Therefore

N (J/S) const R4

& 3/8), R, 4 (3/9), 1/4
o W - ® Fo = Rl

4
o

ol

R., = 4 kw[§§_] = 1 ko
1

v

Ll ..
R | .

.
Tty ety
R RPT A

(J/S)l noise jammer (1) = 1

2 ,,‘.,,..-.
LA B

- K

‘!!nn

(J/S)2 noise jammer (2) = 24 db or 251 (numeric)
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F. PROBLEM #6: CHAFF, AVERAGE CROSS SECTION OF DIPOLES

Suppose that a chaff package is to be designed to produce

a cloud cross-section with an average value of S, = 10 dbsm.

1
Individual dipoles are Al F10l with cross sectional dimensions
of 0.5 x5 miles. For frequencies of 1, 2, 5 and 10 Ghz, make
a table which shows the following information:

(a) The average cross-section of one dipole

(b) The number of dipoles required to achieve an average
cloud cross-section of 10 dbsm

(c) The weight of material per square meter of RCS

Assume the dipoles are uncoupled.

Solution:
3 ><10lo
A= 7 cm/sec
T = .5 2°
%av
N = 2%
o
vV = (%-XIO-3 in) (5 \<10_3 in) (2.54 cm/in)2
vV o= (1.61 x10"% cm)a
m = pALV’
3
Par = 2.7 gm/cm

1 1b = 454 gm
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AN

W € (Ta ¥ e

X !
y Lo SN

Tyt
J'a-,&.r

£ (@z] A [ow] Glan’] N Vim’] wlgmms] oav‘:; g/’ o:,g[lb/mzl
1 30 135 741 0.35 0.97 0.096 0.0002
2 15 33.75 2962.9 0.71 1.9 0.19 0.0004
5 6 5.4 18.5 K 1.8 4.8 0.48 0.0001
10 3 1.35 74.07 K 3.6 9.7 0.96 0.002
G. PROBLEM #7: SIGNAL-TO-CLUTTER RATIO, POWER SPECTRA
DENSITY OF JAMMER
An MTI radar with a single delay line canceler has the
following operating characteristics:
Peak power Pt 1 MW
Pulse width T 14 us
PRF fp 800 Hz
Antenna gain Ga 26 db
Frequency fO 1 GHz
Receiver noise bandwidth B, 1.5 MHz
Antenna scan rate W 10 RPM
Aziumth beamwidth eB 3.9 degrees
Receiver noise figure F 9.0 db
Antenna noise temperature Ta 100 degrees K
Plumbing losses Lp 2 db
Display PPI (video int.)
False alarm probability Pfa = 1lE-12
(a) For the non-MTI mode, calculate the maximum range at
which this radar can detect a non-fluctuating 0 dbsm
target with a detection probability Pd = 0.9
(b) Suppose that this radar is operated in the MTI mode
against a target aircraft with RCS = 10 dbsm immersed
91
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&

k~ in a chaff cloud with a cross section of 500 sg. meters.
N The target is 30 km from the radar and closing with

Y radial velocity r = 300 knots. Assume that the power
" spectral density of the chaff return is as given in

. Skolnik, Figure 4.29. Calculate the target signal-to-
N clutter ratio at the output of the delay line canceler.
%

I

‘ .

) Solution:

e B

\ Part a:

%Q The maximum radar range may be written as

&

" _ Pt Ga Ae o Ii(n) 1/4

25 “max  © [(4 ) KT_+T_) B_ (S/N), L !

b m a e “n 1

fb where:

0-"'.

.

o 6

A P, = peak power = 10 W;

'ﬁ Ga = antenna gain = 26 db = 398 (numeric);

9 Ae = effective area

£ 126 G 9

o = a _ (51)2 Ta _ (3 x 10 )2(398) - 2.85 m2
:ﬁ' 4n fu 4 ldg 4

e,

1N

N\ . 2

,) o = radar cross section = 1 m

"

Lo KT_ = (F_-1)T_ = (7.94-1)290 = 2013.55

L e n o)

-{..

= -23 A6
k(T +T_)B_ = 1.38 x10 "7(100+2013.55)1.5 x 10

o

= = 43.7x10" % w

N

~F

hr ,

3 (S/N)l = signaljto-n01se ratio (from Figure 2.7
‘u; (Skolnik, Pg. 28))

'-v

3%
s‘ = = = - = o]
iq 15.8 db 38 (for Pfa 1E-12 and Pd 0.9)
1a ¥
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1 n = pulses integrated = f_ -2
5] P Y

(800 sec_l)(3.9°)/(360°/6 sec) = 52 pulses

Il(52) = 23.5 = 13.7 db (Figure 2.8 a/b (Skolnik, Pg. 31))
At ) Thus ’

i _10% w) (398) (2.85 m) /4
l":- R - [

(1 mz)(23.5) 1
max 2 -15 ]
' (4m) (43.7 x10 w) (38) (1.58)

e R 89.46 km

- max

B ol Part b:
Since the target and chaff cloud are only 30 km from the ;
$: radar the returns will be well above the thermal noise level

ﬁif and the receiver will be clutter dominated.

& 2
-‘-l

. S |[H(£4) | 7Sy

N avg _ n _
o c c, /CR |H(E

2CA(S/C)in-

3|

1.03 U
D Hz) = — L = 1~°3é3g°mkn°t5) (Skolnik, Eq. 3.26)

A AL

>
Hh

= 1030 Hz

e

RRA

d

lH(fd)|2 | 2 sin(ndep)lz = 4 sinz[ﬂ(1030/800)]

APl
[N l. .
Il

5 2.47
5 af;

cCA = - = (G. << £)

—2nlpls? aadg? P

pc o

LA,

@,

l-e
(Eq. 4.23 and 4.24 from Skolnik, Pg. 132-133)

s

-’ .:: - .
-

-

-
cx.,

b

From Figure 4.29 (Skolnik) for chaff a = lOl6 and

PNl )

e
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f 16 2

": 02 = 2=50 so ca = O 1B _ 354 - 251 ap
1 21 (10%) |
S0 ‘
;.‘y = = = = -

{3 (S/C)in OtH/Ochaff 10/500 1/50 17 db

)

!;‘

So,

\

20

; (s/C) (1/50) (2.47) (324) = 16 = 12 db

O out

\

kK1

. H. PROBLEM #8: WEIGHTING FILTERS

&a An airborne periscope detecting radar has the following
‘!'.,‘

$ﬁ characteristics:

_'L Frequency £, = 9.510 GHz (linear chirp)
* Peak power Pt = 500 kw

PRF f, = 1500 Hz

R Pulse width T = 500 nanoseconds

j@f Weighting filter Hamming

‘.-;‘j

- Antenna gain G, = 35 db

f) Polarization Vertical

g

Qe Azimuth beamwidth 65 = 2.4 degrees

I

N

"3 Antenna scan rate w, = 300 RPM
b . .

ey Plumbing lcsses Lp = 5 db

;ﬁ; Rx noise figure RX = 7.5 db

‘J'*'

1
s An ASW aircraft with this radar encounters a submarine with
‘iﬁ periscope exposed under the following conditionc:
2
LS

ol Aircraft altitude H, = 2000 ft N
' Range to submarine R. = 16 kyards

,:‘—\ S
o) .

e Periscope RCS RCS = 1 m

h\: 94
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‘o (a) Assume that the sea clutter spikes resolved by this
ks high resolution radar have an average duration
%“ﬂ tfgys = 2 sec and that the sea state 2-3 statistics

i shown in [Ref. 1, Figure 13.5] apply. How many db

. above the median clutter level must a threshold be
O set to achieve a 100 seconds false alarm time when
the receiver is clutter dominated?

g (b) Calculate the single pulse signal-clutter power ratio

53 at the radar receiver input
KA . . .
| i (c) At the output of the weighting filter calculate the
.;3 3 db width of the compressed pulse and the peak
;1 signal-mean clutter power ratio

(d) Assume that a 5 second scan-scan post detection integra-
tion period is employed to separate targets (which

XX
o

z

) remain) from clutter spikes (which go away). Calculate
- the integration improvement
T*k _
‘N Solution:
®
[P .
b ) Part a:
«{4‘:
:}- For the clutter waveform
L .
_ fa _ 2 sec _
< Pfa T._ - 7100 sec - 0:02
Y fa
-
Y
= i i . ik) = 0. = 12.
\ Using Figure 13.5 (Skolnik) for Pta 0.02, Uc/ocmed 12.5 db
[ . threshold must be set 12.5 db above the median clutter power
o
o level.
3
N .
® Part b:
j; From Eq. 13.6 (Skolnik, Pg. 472), th~» signal power S returred
g{. from a target with cross section ¢ is
e
L P, G_ o A
SO t a e
. s =
- (47) R L
-
"'4
e where:
]
"‘..
\R N
o
Aot
1.""
o 95
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WY eiwT T Wit .

ey
E’f P, = 500 x10° w = 87 dbm
2.
o Ga = 35 db = 3162 (numeric)
o] = 1 w2 = 0 db
2
_ 2 _ (0.03) - 2 _
Ae = (A /4W)Ga = T 3162 = .,227 m" = -6.4 dbm
47 = 11 db
R = 16 XI03 = 9.09 mi = 14.64 km = 41.65 dbm
L = 5 db
p
S = [87 dbm + 35 - 6.470] - [1ll x2 + 41.65*%4 + 5]
= =78 dbm
The echo from surface clutter is
P, G_A o_ 8
c = £ 2 e 0o B (C/2)secW)  (gq. 13.5 from Skolnik,
(4m) " R (Lp/2) Pg. 472)
Y = grazing angle
eB = 2.4° = ,042 rad = -13.8 dbrad
8 -6
CT/2 = (1.5 x10 m/s) (0.5 x10 sec)
sec ¢y = 1l/cos y =1 (yp = 2.4°)
From Figure 13.3 (Skolnik, Pg. 475;, 0y = =32 db
Thus
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o C = [87 dom + 35 - 6.4 - 32 - 13.8 + 18.6 + 0]

i - [11 x2 + 41.65x3 + 2.5] = =-61.1 dbm
q.l * » SO r

s (s/C);, = (-78 dbm) - (-61.1 dbm) = -16.9 db

! Part c:

e For the Hamming filter [Ref. 1], the peak sidelobe
SLL = =-42.8 db, the loss = 1.34 and the relative mainlobd
width = 1.5. So the width of the compressed puise at the

o
-
-

] @ P e
: o

output of the weighting filter is

o T _ (500 «10"2 sec) (1.5)
(500 ><10-9 sec) (0.5 XI09 Hz)

3 XIO-9 sec

A The improvement in S/C is

10 10910(2 ™) - 1.34 db = 25.7 db

-1 so

(S/C)Out = (-16.9 db) + (25.7 db) = 8 db

tzi Part d:

o . _ JB'p _ 2.4°v1500 _
sl # hits/scan e w 6 v 300

M . _ hits 300 _ .
‘&; # hits = (2 Scan) v(—gaﬁ v (5 sec) = 50 hits
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From Figure 2.80 (Skolnik, Pg. 31) Ii(5) = 25.118 = 14 db

with integration (S/C) = 14 db + 8 db = 22 db.

;’ > I. PROBLEM #9: MTI FILTERS, CHAFF DIPOLES
999
g r An MTI radar has the following characteristics:

>
._ Frequency fo = 1.3 GHz .
\ 7
o Peak power P, = 2 mw
e :
k . Antenna gain G, = 35 db

)

i-f Azimuth beamwidth eB = 1.3 degrees
i Elevation coverage 0.2-45 degrees

%)
1Hh
2 o Antenna scan rate w, = 5 RPM
38 PRF f = 360 Hz

o P

NN Pulse width T = 6 usec
-:)';:.
oo Receiver noise figure F =84db
o

Assume that this radar has a 2 pulse canceler. An aircraft

H \7.
f}ﬁ with RCS = 10 dbsm at a range of 100 km is to be protected
-‘l’ .:1'
N .
%{ with a chaff corridor. Assume that the chaff return has
:) Gaussian power spectral density with RMS velocity spread
B “(‘ .

‘{3 1.0 m/s. Calculate the number of half wave chaff dipoles per
PR e,

YR
:gﬁﬁ resolution cell required to produce a minimum clutter-target
'RV

] signal ratio of 10 db at the output of the MTI filter.

e
e .
‘53; Solution:
Py )
ﬁég The best improvement the delay line canceler will provide is
'-.v

_.:;.
oS 2,2
N C. S £7A

?ﬁ; (5/C) qut _ _in Tout _ CA|H(f)|2 _ __27__ 4
i (5/C) i Cout Sin low oi

" et 2
e _ (360 Hz)2 (1231 w)

:Ii 4W2(l w/sec)2
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ITiax = 175 = 22.4 db

With the target at 100 km, the receiver will be clutter

dominated. We require

= - - = 1
(S/C)in = 10 db 22.4 db 1950
or
o o}
t t
= = ——— = (8/0);,
No N(0.15)17)
N = 10 = 2.19 ><lO6 dipoles

(0.15 x.2312w2)(l/1750)

(in resolution cell)

J. PROBLEM #10: MINIMUM DETECTABLE SIGNAL

An HF compressive receive is to be designed to sweep the
2-32 MHz band 25 times per second and to provide a frequency
resolution of 2 Khz.

(a) Calculate the bandwidth and time delay required of the
compressive filter for this receiver

(b) Calculate the MDS of this receiver, assuming a receiver

noise figure of 3 db and an antenna noise temperature
of 290°K

Solution:

Part a:

W 32 -2 _ 30 MHz _
T 1/25 sec - 1725 sec =~ [°0 MHz/sec
TlL = 7%— = ———~i§——— = .5 ~/lO_3 sec (time delay)
. 2 -10° Hz
oWl -3 .
W = (7F) xT = 750 x (0.5 ~10 ) = 375 kHz (bandwidth)
99
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Part b:

Tg = (F-1)290) = (1.99-1)290 = 288.626 K

1
n 2Tw

e NDS

& k(T +T,)B
a0 NDS

but Bn = W SO

1 = - = -
k(Ta +Te 5T 170.9 + 3 + 30 dbm 138 dbm )
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S V. CONCLUSION

ol

sy : .

%:; The programs were written for solving problems of radar
W -:"

fﬁ} and Electronic Warfare. They are in easy-to-understand Basic
1:?* language. They were written in the interactive method. As a
‘ot

[u "

lﬁg result these programs are "user friendly." They were very

Sl

Rt time consuming to write in this mode. The interactive method
N8 is very amenable to work with and should be helpful to the
A%

oo Naval officer, in the field of radar and electronic warfare.
)

1)

Y Using the same problems but with parameters of other systems,
o

e one can understand the performance of different types of radar
10 and jammers.

.? <l

s

S Many subroutines and interation loops are used so that
o3, ) even one who has little experience in programming can read and

- easily comprehend the programs and can expand or modify them

L according to his needs.

wﬁz The author hopes that these programs will be an assistance
;$§ to students, and Naval officers involved in radar and electronic
¢
)
o) warfare.
«
sg: The programming language is Microsoft Basic so that anyone
g4: can work on these programs on any IBM or IBM-compatible com-
ol Y
;.J puter as well as Apple microcomputers without requiring any
i modifications in these programs.
*\
2& These programs may be used on boardship to aid in the
$
‘.5
iﬂ technical aspects of a tactical operation. They may be used
o : i
e by the Naval officer in program management in radar and

;%-'

]
l' 4

o
L)

Sl
.
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electronic warfare systems or in evaluation and design at a
Naval laboratory. On board ship as a combat information
center officer or Electronic Warfare officer these problems
addressed arise inumerable times. As an example, your ship
is in the Indian Ocean and there is a threat of an antiship
cruise missile whose radar rarameters you are aware of (i.e.,
Harpoon, Automat, or Exocet) and it is your responsibility to
provide shipboard defense. If per chance you have worked with
these problems and you are familiar with characteristics of
your defense systems, the more viable ECM action can be made.
For instance, you are aware of your ships radar cross section
as a function of aspect angle relative to the missile threat.
You are aware of the radar cross section of your chaff loads
and you are aware of the power outputs and characteristics
of your decoys. Using the enclosed programs and the variations
of the parameters associated with them should allow you to
obtain a better understanding of what actions you should ‘take
for ships defense. It is only through the working of many
problems of these types in many different tactical scenarios
that a proper technical expertise in radar and EW can be
obtained.

Lastly, the author believes that this group of problems
were selected to include a variety of timely and useful
situations that one may encounter in the radar and electronic

warfare field.
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APPENDIX A

A listing of the radar computer programs is provided and
an output of the results for each one of these programs is

also included.
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10
20
30

50

60

70

80

90

100
110
120
130
140
150
160
170
180
190
200
210
220
230
240
250
260
270
260
290
300
310
320
330
340
350

PRINT : PRINT TAB(30); * PROBLEM #1"
PRINT TAB(30); * —---------"

LPRINT : LPRINT TAB(30); “ PROBLEM # 1*
LPRINT TAB(30); * ---------- i
PRINT : PRINT "ENTER THE BANDWIDTH OF THE AMPLIFIER WITHOUT UNITS : B=7"
INPUT B
PRINT : PRINT "WHAT ARE THE UNITS OF THE BANDWIDTH?"

PRINT “1. HZ®

PRINT 2. KHZ"

PRINT °3. MHZ"

PRINT “4. GHZ"

INPUT A$  ‘input selection

IF A$ ="1"THENDB=B

IF A$ = 2" THEN B=B* 1000

IF A$ = °3" THEN B=B8*1000000!

IF A$ = 4" THEN B=B* 1000000000*

PRINT : PRINT “ ENTER THE FALSE ALARM TIME WITHOUT UNITS: T=?"
INPUT T

PRINT :PRINT “ WHAT ARE THE UNITS OF THE FALSE ALARMTIME?"

PRINT " 1. seconds”

PRINT “2. minutes”

PRINT 3. hours®

iINPUT B$ ‘input selaction

IFB$="1"THENT-T

IFB$="2" THENT=T*60

IF B$="3" THENT=T*3600

REM: calculation of the threshold -to-rme ratio

LET X=SQR(2*LOG(B*T)) ‘ numeric value

LET M=.4342945*

LET X 1= 10*M*L0OG(X) ' db value

IF A$="1" THENLPRINT : LPRINT " THE BANDWIDTH B=";B;"HZ"

IF A$="2" THENB=B/ 1000 : LPRINT : LPRINT ~ THE BANDWIDTH B=":B;"KHZ"
IF A$="3" THENB=B/ 10000001 : LPRINT :LPRINT “THE BANDWIDTH B=";B;"MHZ"
IFA$="4" THENB=8/1000000000% : LPRINT : LPRINT “THE BANDWIDTHE-" B;"GHI"
IFB$="1"THEN LPRINT : LPRINT “THE FALSE ALARMTIME T=";T; 30¢"
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360 IF B$="2"THEN T=T/60 :LPRINT :LPRINT “THE FALSEALARMTIME T="T,"min"

370 IFB$="3" THEN T=T/3600 : LPRINT : LPRINT “THEFALSE ALARMTIME T=",T,"Hrs"

330 PRINT:PRINT “ THE THRESHOLD-TO-RMS NOISE VOLTAGE
¥/5QR(Y0)=";X;"(numeric)";"or";X 1;"(db)"

390 LPRINT :LPRINT “THE THRESHOLD-TO-RMS NOISE YOLTAGE
¥/SQR(Y0)=";X; (numeric)";"or";X1;"(db)"

400 PRINT :PRINT “DO YOY WANT T0 USE THIS PROGRAM FOR DIFFERENT OR THE SAME DATA
Y/N?"

410 INPUTC$

420 IFLEFT$(CS,1)="Y" ORLEFT$(CS,1)="y" THEN 40

430 END
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PROBLEM* |

THE BANDW!DTH B= 4MH2
THE FALSE ALARM TIMET=S min
THE THRESHOLD-TO-RMS NOISEVOLTAGE V/SQR(Y0)= 6.466 156 (numertc) or 8. 106462 (db)

THE BANDW!IDTH B= 4MH2
THE FALSE ALARMTIMET=50 min
THE THRESHOLD-TO-RMS MOISEVOLTAGE V/SQR(Y0)= 6.812954 (numeric) or 8.333355 (db)

THE BANDWIDTHB= dMHZ
THE FALSE ALARMTIME T= S00 min
THE THRESHOLD-T0-RMS NOISE VOLTAGE V/SQR(Y0)= 7.142935 (numeric) or 8.538767 (db)
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10 PRINT : PRINT TAB(30); * PROBLEM #2 *

20 PRINT TAB(30); " ---~=—-----"

30 LPRINT :LPRINT TAB(30); " PROBLEM #2~

40 LPRINT TAB(30); " -=-------="

SO PRINT : PRINT * ENTSR THE NUMBER OF THE m NGISE PULSES *

60 INPUT A "= OF m NDISE PULSES

70 PRINT:PRINT “ 1. m="A

80 LPRINT:LPRINT" {.m="A |

90 PRINT : PRINT " ENTER THENUMBER OF THE n SIGNAL-PLUS-NGISE PULSES™
100 INPUTB ' # OF n SIGNAL-PLUS-NOISE PULSES

110 PRINT:PRINT"2.n="B

120 LPRINT : LPRINT “2.n="B

130 PRINT:PRINT " FROMF1g. 2.8 (D) (SKOLNIK Pg 31) YOU CAN FIND THE INTEGRATIONLOSS
FOR Li(m+n) AND L1(n), SINCE YOU KNOW Pd,m,n, WHICH ARE GIVEN INTHE PROBLEM"
140 LET C=A+B

150 PRINT : PRINT " ENTER THE VALUE OF THE L1('t:')'

160 INPUT D 'THIS IS THE VALUE OF Li(m+n) IN db”

170 PRINT:PRINT " 3. THE INTEGRATIONLOSS FORLI(*C™)™="D;"db"

180 LPRINT :LPRINT * 3.THE INTEGRATION LOSSFOR Li(*C™)**="D;"db"

190 PRINT : PRINT * ENTER THE VALUE OF THE L1("8")"

200 INPUTE ‘THIS IS THE VALUE OF L1(n) IN db"

210 PRINT :PRINT " 4. THE INTEGRATION LOSS FOR LI{"B™)""="E"db"

220 LPRINT :LPRINT “ 4. THE INTEGRATION LOSS FOR LI("B")""="E"db"

230‘!* S0 3030 3 3b 4 30 48 30 4030 36 30 30 2 38 S0 20 30 40 20 40 36 48 50 4 20 51 48 4 40 3 20 3 2

240 REM:CALCULATION OF THE COLLAPSING LOSS

25 1 RIZIZZIZXZILI ISRl 22 2222 X 2 222 sd st

260 LETF=D-E:F1=F/10:F1=10°F1 ' CONVERTION FROM "db"T0 "NUMERIC"

270 PRINT :PRINT “5. THE COLLAPSING LOSS Li(*A","B")""="F 1,"NUMERIC";" OR";F;"db"

280 LPRINT :LPRINT °S. THE COLLAPSING LOSS L1("A","B")™="F 1,"NUMERIC";" OR";F,"db"
290 PRINT : PRINT " DO YOU WANT TO TRY AGAIN FOR DIFFERENT OR THE SAME DATA Y/N?*
300 INPUT G$ ‘INPUT SELECTION

310 IFLEFT$(GS,1)="Y" ORLEFT$(GS,1)="y" THENLPRINT : LPRINT :LPRINT TAB(15);"

WA NN WA IR R NN RN Q’*”’QQQQQO*Q’Q’QQQQQ‘-GU‘Two

320 END
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PROBLEM#2

l.m= 10

2.n=10

3. THE INTEGRATION LOSS FOR L1{ 20)=1.9db

4. THE INTEGRATION LOSS FOR L1( 10)= 1.3 db

S.THE COLLAPSING LOSS Li{10,10)= 1.148 1S4 NUMERIC OR .6 db

FE A0S0 A0 A0 N0 2090 N0 A0 A0S0 H 30 2040 40 A0 A0 9 S0 90 3N S0 AP B Sh2090 30 5 S 90 30 A 90 2 5 N N

i.m= 90

2.n=10 .

3. THE INTEGRATIONLOSS FORLI( 100 )=4.1 ab

4. THE INTEGRATION LOSS FORLI( 10)= 1.3 db

5. THE COLLAPSING LOSS Li( 90,10 )= 1.90546 | NUMERIC OR 2.8 db
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30
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70
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100
110
120
130
140
150
160
170
180
190
200
210
220
230
240
250
260
270
280
290
300
310
320
330
340
350

REM: nuet MAIN PROGRARM teave

PRINT : PRINT TAB(30); “ #** PROBLEM #3 #a»"
LPRINT : LPRINT TAB(30); * ##* PROBLEM #3 #»#-
6OSUB SO :GOSUB 430

GOSUB 780 :GOSUB 840

G0SuUB 930 :GOSUB 1180

GOTO 1360

RE" GHBYBBUSBL BB BSB BB RS HBSBBA VBBV VRSB VBBV ARBBE0S

REM SUBPROGRAM THAT INPUTS THE DATA

RE" AN NRNRR RN NN N NN 0205000309040 040 202 000N

PRINT : PRINT "~ ENTER THE MAGNETRONS PEAK POWER Pt IN MEGAWATTS"
INPUT Pt

PRINT : PRINT “ ENTER THE PULSE WIUTH Tw INMICROSEC™
INPUT Tw

PRINT : PRINT " ENTER THE PULSE REPETITION FREQUENCY fp IN HZ*
INPUT fp

PRINT : PRINT " ENTER THE OPERATION WAVELENGTH IN CENTEMETERS"
INPUT ]

PRINT : PRINT "ENTER THE EFFECTIVE ANTENNA APERTURE Ae IN SQUARE METERS®
INPUT Ae )

PRINT : PRINT “ ENTER THE #OF HITS INTEGRATED "
INPUT n

PRINT :PRINT ° ENTER THE NOISE BANDWIDTH IN MEGAHERTZ"

INPUT Bn

PRINT : PRINT " ENTER THE RECEIVER NOISE FIGURE FT IN db®

INPUT Ff

PRINT : PRINT " ENTER THE PLUMBING LOSSES Lp1 IN db”

INPUT Lp1

PRINT : PRINT ° ENTER THE BEAM SHAPE Lbs IN db"
INPUT Lbs

PRINT : PRINT “ENTER THE FACTOR BY WHICH THE INTEGRATIONEFFICIENCY 1S REDUCED"
INPUT o

PRINT : PRINT " ENTER THE FALSE ALARM PROBABILITY P1"
INPUT P1

PRINT : PRINT " ENTER THE PROBABILITY OF DETECTION P¢”
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%

”»: 360  INPUT Pg

) 370  PRINT : PRINT " ENTER THE TARGET AVERAGE CROSS SECTION Sev IN SQUARE METERS"
L 380  INPUT Sav

™ 390 PRINT : PRINT " ENTER THE CASE THAT YOU ARE : CASE 1, CASE2..7"

N 400  INPUT A3

3 410 RETURN

,.,:3 420 REH AP0 2050 3020 S0 00 20 202040 2040 20 0 30 40 30 40 S0 20 S0 20 30 30 30 40 40 40 2 0 20 08

= 430 REM SUBROGRAMTHAT PRINTS THE INPUT DATA

-:.: 440 RE" AR AR IR0 00 A0 40 A0 A0 3040 S0 A0 S0 A AR A0 A0 A0 AR R AR A 0 N R A A0 0 0

o 450  LPRINT:LPRINT “G | V E N" :LPRINT "---=-----"

N 460  PRINT : PRINT 1. Pt="Pt;"MW" SPC(17); *:MAGNETRON'S PEAK POWER"

A 470  LPRINT :LPRINT 1. Pt="Pt;"MW" SPC(17); " :MAGNETRON'S PEAK POWER"

2 480  PRINT :PRINT "21 Tw="Tw;"MICSEC" SPC(13); *: PULSE WIDTH"

= 490  LPRINT :LPRINT “21 Tw=":Tw;"MICSEC" SPC(I3); " :PULSE WIDTH "

& 500  PRINT:PRINT 3. fp=";fp;"HZ" SPC( 15); *: PULSE REPETITION FREQUENCY *

o 510 LPRINT:LPRINT “3.fp=";p;"HZ" SPC(1S); *: PULSE REPETITION FREQUENCY"

3 520  PRINT :PRINT "4.1=";);"centimeters” SPC(8); " : OPERATION WAVELENGTH -

2% 530 LPRINT:LPRINT "4.1="1;"centimeters" SPC(B); *: OPERATION WAVELENGTH"

< 540  PRINT : PRINT °S. Ae=";A¢;"square meters" SPC(4); *: EFFECTIVE ANTENNA APERTURE °

550 LPRINT : LPRINT "5, Ae=";A8;"square meters SPC(4); *: EFFECTIVE ANTENNA APERTURE -

= S60  PRINT : PRINT “6.n=";n SPC(19); " : #OF HITS INTEGRATED *

» 570 LPRINT :LPRINT “6.n=";n SPC(19); " #CF HITS INTEGRATED *

2 S80  PRINT :PRINT *7. Bn=",8n;"MHZ" SPC(16); *: NOISE BANDWIDTH"

590  LPRINT :LPRINT “7. Bn="8n;"MHZ" SPC(16); " : NOISE BANDWIDTH"

- 600  PRINT:PRINT 8. Ff=";Ff,"db" SPC(16); * : RECEIVER NOISE FIGURE"

R 610  LPRINT :LPRINT *8. Ff="F1;"db" SPC(16); * : RECEIVER NOISE FIGURE"

T 620 PRINT:PRINT "9.Lp1=",Lp1;"db" SPC(16); " : PLUMBING LOSSES"

. 630 LPRINT :LPRINT *9.Lp1="Lp1;"db" SPC(16); *: PLUMBING LOSSES"
2 640  PRINT :PRINT 10, Lbs=";Lbs;"db" SPC(15); " : BEAM SHAPE"

o 650  LPRINT :LPRINT “10.Lbs=";Lbs; db" SPC(I5); " BEAM SHAPE"
b 660 PRINT : PRINT *11.6=";a SPC(17); " : FACTOR BY WHICH INTEGRATION EFF. (S REDUCED"
LA 670  LPRINT :LPRINT “11.0=",8 SPC(17); " FACTOR BY WHICH INTEGRATION EFF. |5 REDUCED"
e 680  PRINT: PRINT "12. P1="Pf SPC(14); " FALSE ALARM PROBABILITY"

f,s 530  LPRINT : LPRINT "12.Pf=",P SPC(14); " FALSE ALARM PROBABILITY"

j_:: 700  PRINT :PRINT “13.Pd=",Pd SPC(16);," PROBABILITY OF DETECTION"

.
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\" 710 LPRINT :LPRINT *13. Pd=",PdSPC(16) ": PROBABILITY OF DETECTION"

: 720  PRINT :PRINT *14, Sav=";5av;"sq.meters"SPC(6); " : TARGET AVERAGE CROSS SECTION"
o 730 LPRINT :LPRINT 14, Sav=";Sav;"sq.meters" SPC(8) " : TARGET AVERAGE CROSS SECTION"
: 740  PRINT:PRINT "1S. YOU RE CASE IS* SPC(10);A$
oy 750  LPRINT : LPRINT °15. YOU 'RE CASE 1S SPC(10);A$
ARS 760  RETURN
: :f: ' 770 REN: SO0 0063090 00 3090 30 90 3030 3090 30 90 040 3090 3090 S0 A0 3040 300 3090 4040 2040 320 0 20 0
;j 780 REM: SUBR. THAT CALCULATES THE MAX. UNAB. RANGE
::< ;E 790 RE”:*l****.’**.*’ﬂ.*.ﬂll**”’**l****.ﬂ******’*

L 800 LET C=3*10'8 'm/s

e 810 LET Runeb=C/(2*fp)

_ 820 RETURN

’. :_:; 530 R‘En: HRBVRANRNR RN NN RN NN NN WNNRNRWNRNNAN NN RN

E,: 840 REM: SUBR. THAT PRINTS THE OUTPUT FOR PART a

:::' 850 RE":.***!***l***********Q****‘!*******‘l******’!

. 860  PRINT : PRINT “PART o

3 870  LPRINT : LPRINT "PART a:"

o B80 LPRINT “-------"

o 890 PRINT : PRINT - 1(a). Runab=";Runab/ 1000;"KM", *: THE MAX. UNAB. RANGE"
- 900 LPRINT :LPRINT " 1{s). Runab=";Runab/ 1000; KM", ~ : THE MAX. UNAB. RANGE"
52; g 910 RETURN

'\_:-3 920 RE“ RRRNRRRRRBBRRRRRLRRNRRRRBRLRRNNRLRRRRANRRRR

o 930 REM: SUBR. THAT CALCULATES THE MAX. RANGE
9 4 940 RE”: RURRRURB NN RRR BN RR R LR NP R RRBARRRURRBRRANR AN

b 950  LET Bn=Bn*10'6 'CONVERTION FROM MHZ TO H2

960 LET Pt=P1*10°6 'CONVERTION FROM Mw TO w

e 970 LETK=1.38%(10'(-23))  'BOLTZMAN'S CONSTANT IN j/deg.

- 980  LET T0-290 "STANDARD TEMPERATURE IN KELVIN

s 990 LET PI=3.14159
- 1000 LETFf=Ff/10:Ff1=10°Ff 'CONVERTION FROM db TO NUMERIC

e 1016 LET Ls=Lpl+sLbs 'SYSTEM LOSSES IN db
b 1020 LETLs1=L8/10:Ls2=10"Ls] "CONVERTION FROM db TONUMERIC
e 1030 LET 11100 'CONVERTION FROM cm TO m
ﬂ% 1040 PRINT : PRINT " FROM Flg. 2.7 (SKOLNIK Pg. 28) YOU CAN FIND THE (S/N)1 SINCE YOU KNOW
Ll Pd ANDPT"

.
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1050 PRINT : PRINT ° ENTER THE VALUE OF THE (S/N)1 IN ab”

1060 INPUT Al

1070 PRINT :PRINT “"SINCE YOU ARE IN CASE2 FROM Fig. 2.23 (SKOLNIK Pg. 48) YQU CAN FIND
THEADDITIONAL(S/N)1ad"

1080 PRINT : PRINT " ENTER THE VALUE OF THE (S/N)1ad"

1080 INPUT A2

1100 LET A=A1+A2:A3:=A/10:A4=10°A3  THIS IS THE VALUE OF THE (5/N)1tot IN db AND
INNUMERIC

1110 PRINT :PRINT " SINCE YUD KNOW THE “OF HITS INTEGRATED (NONCOHERENT) FROM Fig.
2.24(SKOLNIK Pg. 49) YOU CANFIND THE INTEGRATION IMR.FACTOR I1”

1120 PRINT : PRINT " ENTER THE VALUE OF THE INTEGRATION IMR. FACTOR"

1130 INPUT I

1140 LETH1=1/10:12=10111

1 1SOLETRmax=SQAR(SQR((Pt*(Ae 2)*Sav*112*.85)/(4*PI*K*TO*F( 1#Bn*(1"2)*Ad*Ls2)))

1160 RETURN

1 170 RE":&&G.*&.‘.il.&.lqﬂ.ﬂ".QI*.*.]...Q.&D!

1180 REM: SUBR.THAT PRINTS THE QUTPUT FOR PART b

1150 REM #9950 4050 0504040200409 90 90 30 40 3090 413040 0 3030 9000 0 S 00 4 020

1200 PRINT : PRINT : PRINT ° PART b:"

1210 LPRINT : LPRINT : LPRINT " PART b:"

1220 LPRINT " -==---- -

1230 PRINT:PRINT " 2(a).Ls=";Ls;"db", “: TOTAL SYSTEM LOSSES"

1240 LPRINT : LPRINT " 2(a).Ls=";Ls;"db", *: TOTAL SYSTEMLOSSES"

1250 PRINT: PRINT “2(b). (S/N)1=";A1;"db", *: SIGNAL-TD-NOISE RATIO"

1260 LPRINT :LPRINT " 2(b). (S/N)1=";A1;"db", *: SIGNAL-TD-NOISE RAT!O"

1270 PRINT:PRINT " 2(c).(S/N)1ed=";A2;"db", ": ADDITIONAL SIGNAL-TO-NOISE RATI0O"
1280 LPRINT : LPRINT * 2(c).(S/N) 1ad=";A2;"db", *: ADDITIONAL SIGNAL-TO-NDISE RATIO"
1290 PRINT : PRINT " 2(d). (S/N)tot=";A;"db"," : TOTAL S5IGNAL-TO-NOISE RATI0"

1300 LPRINT:PRINT " 2(d). (S/N)tot=";A;"db"," : TOTAL SIGNAL-TO-NOISE RATI0"

1310 PRINT : PRINT " 2(e). H(n)=";11;"db", ": INTEGRATION IMR. FACTOR"

1320 LPRINT :LPRINT " 2(e). I#{n)=";11;"db", " : INTEGRATION IMR. FACTOR"

1330 PRINT :PRINT " 2(f). Rmax=";Rmax/ 1000;°KM"," : MAXIMUM RANGE"

1340 LPRINT : LPRINT = 2(f). Rmax=",Rmax/ 1000;°KM", " : MAXIMUM RANGE"

1350 RETURN

1360 PRINT : PRINT " 00 YOU WANT TO TRY FOR DIFFERENT OR THE SAMEDATA V/N?”
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1380 IFLEFT$(CS,1)="Y"ORLEFT$(CS,1)="y" THEN 40

o 1370 INPUT C$
3
R 1390 END
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GIVEN

1.Pt=1 MW

2. Tw= 1 MICSEC

3. fp= 250 HZ

4.1= 10 centimeters
S. Ae= 200 square meters
6.n=10

7.Bn= | MHZ

5.Ff= 10 db
9.Lpi=3db

10. Lbs=2 db
11.8=.85

12. Pf= 1E-08

13. Pd=.99

14.Sav= 1 sq.meters
1S. YOU 'RE CASE IS

PART &:

w## PROBLEM #3 #%*

:MAGNETRON'S PEAK POWER
: PULSE WIDTH

: PULSE REPETITION FREQUENCY

: OPERATION WAVELENGTH
: EFFECTIVE ANTENNA APERTURE

:*#0F HITS INTEGRATED

: NOISE BANDWIDTH

: RECEIVER NOISE FIGURE
: PLUMBING LOSSES

: BEAM SHAPE

: FACTOR BY WHICH INTEGRATION EFF. IS REDUCED
: FALSE ALARM PROBABILITY

: PROBABILITY OF DETECTION

: TARGET AVERAGE CROSS SECTION

: CASE2

1(a). Runab= 600 KM : THE MAX. UNAB. RANGE

PART b:

2(a).Ls=5db

2(b). (S/N) 1= 15.2.db
2(c).(S/N)1ad= 17.2db
2(d). (S/N)tot=33.1db
2(2). 1(n)=25 db

2(1). Rmax= 758.5743 M

: TOTAL SYSTEM LOSSES

: SIGNAL-TO-NOISE RATIO

: ADDITIONAL SIGNAL-TD-NOISE RATIO
: TOTAL SIGNAL-TO-NOISE RATIO

: INTEGRATION IMR. FACTOR
 MAXIMUM RANGE
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el aen aas aan dae dbs Mbe fie aon dia A EUEL A S u A n A ek A -Sak 2ink el Aokt Sak i ehcad 'T

10 PRINT : PRINT TAB(30); * PROBLEM #4°
20 LPRINT :LPRINT TAB(30); " PROBLEM #4°
30 LPRINT TAB(30); * —--------- -

40 VBB BPUPUBBRUPURRPAPBBREUOBB8 0

SRR

) SO REM: MAINPROGRAM
S 60 RIZZ2IXIZEEIELELII I 222 22 2] 2
4 70 GOSUB 160 :GOSUB310
e 80 GOSUB 440 :GOSUBS70 |
90 PRINT : PRINT “DO YOU WANT TO TRY AGAIN FOR DIFFERENT OR THE SAME DATA ¥/N ?°
100 INPUT A$
] 110 IFLEFT$(AS,1)="y" ORLEFT$(A$,1)="y" THEN 70
5 120 END
1: 1300 IS0 I IR U0 AL 0 A AN A
: 140 REM:SUBROUTINES
‘50 RIIZZ2IXII ATtz 2]
™ 160 ‘##ww SUBROUTINE THAT INPUTS THE GIVENDATA #esese
. 170 PRINT : PRINT " ENTER THE OPERATION FREQUENCY 1 IN GHZ"
. 180 INPUT
« 190 PRINT : PRINT “ENTER THE RATE THAT THE FREQUENCY CHANGES 10 IN GH2/SEC”
" 200 INPUT 0
1o 210 PRINT : PRINT * ENTER THE DURATION OF THE CHANGING FREQ. T IN ms*
S 220 INPUTT
? 230 PRINT : PRINT * ENTER THE TIME THE FREQ. TAKES TO RETURN TO ITS ORIGINAL YALUETr IN
s ms”
‘:3 240 INPUTTF
o 250 PRINT : PRINT  ENTER THE THE RANGE OF THE TARGETR IN Yards" |
H 260 INPUT R |
270 PRINT: PRINT " ENTER THE RELATIVE VELOCITY Ur IN ft/sec” |
g 280 INPUT Ur |
2; 290 RETURN
. 3000'.."’*‘*.’QQQ."!Q*QCQ*.’Q*.*Q**"*Q*’***i
5 310 REM:SUBROUTINE THAT PRINTS THE INPUT DATA
320.*’*’*Q*’****Q’*’*.’Q*.QQ*Ql**’*********.*’
_ 330 LPRINT:LPRINT“GIVEN"
¢ 340 LPRINT " ----=---- :
;-
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L
)
e
a5
P 350 LPRINT :LPRINT “1.1=";1;"GH2"TAB(19); : OPERATING FREQUENCY"
360 LPRINT:LPRINT “2.10=";10;"GHZ/SEC TAB( 18);" :RATE THAT THE FREQUENCY CHANGE"
L 370 LPRINT:LPRINT “3.T=",T;"ms"TAB(19);" : DURATION OF THE CANGE"
P 380 LPRINT :LPRINT “4.Tr=";Tr;"ms"TAB(19);": TIME THE FREQ. NEEDS TO RETURN"
N 390 LPRINT TAB(17);" TOITS ORIGINAL VALUE"
3 400 LPRINT:LPRINT °S.R=",R;"Yards TAB(19);" : RANGE OF THE TARGET"
‘,- 410 LPRINT:LPRINT “6.Ur=";Ur;"t/sec TAB(19);": RELATIVE VELOCITY"
240 420 RETURN
i *\": 430‘0‘00-‘C&b&&-‘&&b&b&&*0‘.0.0’.'.9.'*Q*Q***'*GD*Q*****
Ry
o 440 REM:SUBROUTINE WHICH CALCULATE AND PRINTS PART o
o 45@*“!’*4*&!0*&*#*0*&*.*&***!*0*!!&*’*!*!!**!**!!*!!*
- } 460 LET 10=10*10'9 'CONVERT |ON FROM GH2/SEC T0 H2/SEC
e 470 LET R=R*.914 'CONVERT ION FROM Yerds TO Meters
I:ffi; 480 LETC=3*10°8 '™m/sec
£ 490 LETr=f0*2*R/C  ‘'FREQUENCY SHIFT
u 500 PRINT : PRINT : PRINT “ PART a:"
E{.ﬁ 510 LPRINT :LPRINT :LPRINT °PART a:"
1S ]
- 520 LPRINT * -----—- -
i 530 PRINT : PRINT “ 1(e).fr=";r/ 1000;'KH2"; ~ : FREQUENCY SHIFT"
o 540 LPRINT :LPRINT * 1{a). fr=";1r/ 1000;"KHZ"; * : FREQUENCY SHIFT"
..'L-\'.
s 550 RETURN
_t::: 56”*l*!!!!*&***!I*i*!Q*!I!Ql!!*l*!*!***!!*!!!*l«!*l**
o) 570 REM:SUBROUTINE THAT CALCULATE AND PRINTS PART b
.) samllllll!llll.l*lllllDlll‘l!’ll!‘l&‘l.lll.l**llll*l&!
o 590 LET f=1*109 'CONVERT 10N FROM GHZ TO H2
>
! b 600 LET Ur=Ur* 305 "CONVERT ION FROM ft/sec TOm/s
. 610 LET 1=C/f 'WAVELENGTH IN meters
‘ iji_*j 620 LET fd=2%Ur/\ 'DOPPLER SHIFT
47 630 LET dR=R*1d /fr ‘RANGE ERROR IN METERS
o 640 LET dR1=dR/100 '8 RANGE ERROR
L 650 PRINT : PRINT : PRINT ~ PART b:"
:‘c-; 660 LPRINT : LPRINT : LPRINT " PART b:"
s 670 LPRINT - ------- -
1 680 PRINT : PRINT "1(b). 1d=":1d;"H2";~ :DOPPLER SHIFT"
§ .
L 690 LPRINT:LPRINT “1(a). fd=",fd;"HZ"; DOPPLER SHIFT"
i
-z;.,
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700 PRINT : PRINT “1(b). dR=";dR;"m";” OR";dR/.914;°Yards" ;~ :RANGE ERROR"
710 LPRINT :LPRINT “1(b). dR=";dR;"m";" OR";dR/.914;"Yards" ;* :RANGE ERROR"
720 PRINT :PRINT “1(c). dR1=";dR(;"m";" OR";dR1/.914;"Yards" ;* :% RANGE ERROR"

730 LPRINT :LPRINT “1(c).dR1=";dR1;"'m";" OR";0R1/.914;"Yards" ;" : SRANGE ERRCOR"
740 RETURN

117




et L ] S

AR X~ Y

PROBLEM“4

GIVEN

1.1= 10.5GHZ  :OPERATING FREQUENCY

2.10= 2GHZ/SEC :RATE THAT THE FREQUENCY CHANGE

3.T=990ms : DURATION OF THE CANGE

4.Tr= 10ms : TIME THE FREQ. NEEDS TO RETURN
TO ITS ORIGINAL VALUE

S.R= 3000 Yards :RANGE OF THE TARGET

6.Ur= 25 ft/sec :RELATIVE VELOCITY

PART a:

1(). fr=60.93333 KHZ : FREQUENCY SHIFT

PART b:

1(8). fd= $33.75 HZ : DOPPLER SHIFT
'(b). 0R=40.03125m OR 43.79787 Yards  :RANGE ERROR
1(c).0R1= 4003125m OR 4379787 Yards :3 RANGE ERROR
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10 PRINT : PRINT : PRINT TAB(30); " PROBLEM #5°

20 LPRINT :LPRINT : LPRINT TAB(30); " PROBLEM #S~
30 PRINT TAB(30); * ----—----- )

40 LPRINT TAB(30); * -----—---- -

50 GOSuB90 :GOSUB210

60 GOSUB310 :6OSUB410

70 GOTOS10

ao'OIOC*QOQG.G'CUOC.CQ..COll!.idll..‘.l&ﬂll.’.

90 REM : SUBROUTINE THAT INPUTS THE DATA
100****‘*****‘*.*****!**QQ***Q*Q!.*****Q!QQ*!Q
110 PRINT : PRINT * ENTER THE OPERAT ING FREQ. T IN GHZ"

120 INPUT f

130 PRINT : PRINT " ENTER THE PULSE WIDTH t IN ms®

140 INPUT t

150 PRINT : PRINT " ENTER THE PULSE REPETITIONFREQ. fp INHZ"
160 INPUT fp

170 PRINT : PRINT “ENTER THE AIRCRAFT'S VELOCITY Uair INKnots”
180 INPUT Usir

190 RETURN

200*'!!'IQDQ.Q**Cl.*&*‘*i*il&*{!.*C*‘*GIQQGI.!Q

210 REM:SUBROUTINE THAT PRINTS THE INPUT DATA
220****Q.i’***Q*‘!*Q******Q*Q*!*Q*Q*Q!!QQRQ*!!*

230 LPRINT:LPRINT :LPRINT"GIVEN"

240 LPRINT " --------- )

250 LPRINT :LPRINT ° 1.1=";1,"GHZ"TAB(18);" : OPERATING FREQ.

260 LPRINT :LPRINT “2.t=";t,;"msTAB(18); “: PULSE WIDTH"

270 LPRINT :LPRINT “3.fp=";1p;"HZ"TAB(18); “: PULSE REPETITIONFREQ."
2680 LPRINT :LPRINT " 4.Usir=";Ueir;"Knots" ; “: AIRCRAFT'S VYELOCITY"
290 RETURN

300***!!Q!’Q!*****QQ***Q****D’*!****Q*Ql*!***!**

310 REM:SUBROUTINE THAT CALCULATE AND PRINTS Ueir

bV Ll L L LTI T TR PR T VPSP VPR LT T TR TR T
330 LET 1=1*10'9

340 LETC=3*10°8

350 LET 1=C/t

N 119




360 LET U1b=1*1p/2

370 PRINT :PRINT : PRINT "U1b=";U1b;"m/s";" OR*;U1b/.515;"Knots™;" : FIRST BLIND SPEED"
380 LPRINT :LPRINT : LPRINT “U1b=";Ulb;"m/8";" OR";U1b/.515;"Knots™;" : FIRST BLIND
SPEED"

380 RETURN

400’. BRBNRRBRRB RN LR RNRR R RLRRRRRR BRI RRRRRRRRRRRRR

410 REM:SUBROUTINE THAT FINDS IF THERE IS A DOPPLER AMBIGUITY

428.'...*&”*0*‘***’*!*4l&’ﬂ*ﬂ***Q*ﬂ*!***l***l*********!

430 IF UeinU1b/.515 THEN GOTO 440 ELSE 460

440 PRINT: PRINT " THERE 1S ADOPPLER AMBIGUITY SINCE “;Uair;"Knots™; “>";U1b/.515;"Knots”

450 LPRINT :LPRINT “ THERE IS ADOPPLER AMBIGUITY SINCE “;Uair;"Knots®; "
»*U1b/.515;Knots”

460 IF Uair<Uib/51S  THEN GOTO 480 ELSE 470

470 IF Ueir=U1b/.51S THEN GOTO 480 ELSE S00

480 PRINT : PRINT “ THERE ISN'T A DOPPLER AMBIGUITY SINCE “;Uair;"Knots™; " <or
=";U1b/.515;"Knots"

490 LPRINT :LPRINT " THERE ISNT A DOPPLER AMBIGUITY SINCE ";Uelr;"Knots™; “ <or
=",U1b/.515;"Knots"

560 RETURN
S10 PRINT : PRINT * DOYOU WANT TOTRY AGAIN FOR DIFFERENT OR THE SAME DATA ¥/N 7°
520 INPUT BS
530 IF LEFT$(BS, 1)="Y" OR LEFT$(BS,1)="y" THEN 30
540 END
o
°
o
5
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PROBLEM®S

GIVEN
1.1= 9 GHZ : OPERATING FREQ.
2.t=1ms : PULSE WIDTH

3.1p= 1000 HZ  :PULSE REPETITION FREQ.
4.Uair= 600 Knots : AIRCRAFT'S VELOCITY

UIb= 16.66667 m/s OR32.36246 Knots : FIRST BLIND SPEED
#22% THERE 1S A DOPPLER AMBIGUITY SINCE 600 Knots» 32.36246 Knots*¥#**

Ao,

‘.L‘-\!

121

A n % g &
2 AL AL

Pl
-

..................
..........................................................
.....................

ST AT T TR TR T W T TR Y LD T Oy WL YL O RARR L AT el kT e T e T AT TS T e DTS L AT R R TR T T e TR SRR T T T sy

..............................................................
...........



10
20
30
40
S0
60
70
80
90
100

LPRINT : LPRINT TAB(30); "PROBLEM #6°

LPRINT TAB(30); "----------- )

GOSUB 120 :GOSUB 430

G0SUB 520 : GOSUB 620

PRINT : PRINT " DO YOU WANT TO TRY AGAIN FOR DIFFERENT OR THE SAME DATA Y/N?"
INPUT E$

IFLEFT$(E$,1)="Y" OR LEFT$(ES$,1)="y" THEN S0

END

11 a!!*.’*!!!*****’ﬂsuaRou‘r | INE S ot 4090 3000 20 00 30 50 30 20 3698 30 20 20 28

120

- INPUTS THE DATA

] 3 ol***!*Q*!”QQ*Q*Q*Q*Q*Q*Q*%**Q* 090 4040 S0 S0 A0 240 020 202

140
150
160
170
180
180
200
210
220
230
240
250
260
270
280
290
300
310
320
330
340
350

PRINT : PRINT “ENTERTHE P.R.F fp INHZ"

INPUT fp : PRINT :PRINT "1. fp=";(p;"HZ"

PRINT : PRINT “ ENTER THE CLUTTER SPECTRAL WIDTH Sc INHZ®

INPUT Sc : PRINT :PRINT “2. Sc=";5¢; HZ"

PRINT : PRINT * ENTER THE NUMBER OF THE DELAY LINE CANCELER"
PRINT “ WITHOPTIMAL WEIGHT ING N°

INPUT n: PRINT : PRINT * 3. N=";N

PRINT : PRINT * 1S THE INPUT DATA CORRECT Y/N?°

INPUT A$

IF LEFT$(AS,1)="Y" ORLEFT$(AS,1)="y" THEN410

PRINT : PRINT "WHAT OF THE FOLLOWING DO YOU WANT T0O CHANGE?*
PRINT : PRINT * 1. THE PRF?"

PRINT : PRINT " 2. THE SPECTRAL CLUTTER WIDTH?"

PRINT : PRINT * 3. THE NUMBER OF THE DELAY LINE CANCELER?"

INPUT BS

IFB$="1" THEN PRINT : PRINT “ENTER THE P.RF fp INHZ"

IF B$="1" THEN INPUT fp : PRINT : PRINT " 2. fp=";fp;"HZ" : GOTO 350
IF 8$="2" THEN PRINT :PRINT " ENTER THE CLUTTER SPECTRAL WIDTH"
IF B$="2" THEN INPUT Sc : PRINT : PRINT " 2. S5¢=",5¢;"HZ" : 6OTO 350
IF B$="3" THEN PRINT : PRINT " ENTER THE NUMBER OF THE DELAY LINE CANCELER"
IF B$="3" THEN INPUT N : PRINT : PRINT ° 3.N=";N : GOTD 350

PRINT : PRINT “ 1S EVERYTHING 0.K NOW ¥/N?"
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360 INPUTCS

370 IFLEFT$(CS.1)="Y" ORLEFTS(CS,1)="y" THENGOTO 410

SE3 PRINT : PRINT “WHAT DO YOU WANT TO CHANGE"

390 PRINT :PRINT "HIT ANY KEY IN YOUR KEYBOARD AND THE COMPUTER WILL WORK FOR YOL®
400 INPUT D$ :GOTO 250

410 RETURN
201998 90904090 49040409090 4190 4190 10 2090400030 S0 00000 S0 A S0 A I M M 2 00
430 * PRINTS THE INPUT DATA *

440**’Qi*’*’ﬂ’*’l*ﬂ.ﬂ**’Q’*QQ’*’***’**Q*Q’*QQ&

450 LPRINT:LPRINT "G VEN"

460 LPRINT ®---—----- -

470 LPRINT :LPRINT ° 1.1p=";1p;"HZ" ,": P.R.F"

480 LPRINT:LPRINT "2.5c=";5¢;"HZ" ,": CLUTTER SPECTRAL WIDTH"

490 LPRINT :LPRINT “ 3. N=";N,": #*OF DELAY LINE CANCELER WITH OPTIMAL WEIGHT ING"
500 RETURN

5 i aﬂl.CQlQlililﬁlﬂll***l*lll*ll*‘l.*’*l*l«l’l

520 ° CALCULATIONS »
53UQGGQQQGQGQIQ.ﬂﬂ*lﬂﬂ!.i.’.ﬂ.***’l!l***‘l!

540 PRINT : PRINT " FROM Fig. 425 (SKOLNIK Pg. 124} YOU CAN FIND THE IMROVEMENT FACTOR"
550 PRINT " SINCE YOU KNOW"

S60 PRINT :PRINT " e.N=";N,": #OF DELAY LINE CANCELER"

S70 PRINT "b. Sc/fp=";5¢/fp,”: CLUTTERSPECTRAL WIDTH/RADARP.RF"

S80 PRINT : PRINT * ENTER THE INTEGRATION IMR. FACTOR®

590 INPUT |
600 RETURN
B 1 (53000400090 4090 46600 0030091404040 0000 00 0 S0 0040100 S A AL 0 M 0
620 ° PRINTS THE OUTPUT »

63U.*i**l&*&***i*****IQQQ&QG*!IQ’!*!*ll***ll

640 PRINT : PRINT : PRINT " OUTPUT"

650 LPRINT :LPRINT :LPRINT " OUTPUT"

660 LPRINT °------ )

670 PRINT:PRINT * 1.5¢/fp=";5¢/fp,": CLUTTER SPECTRAL WIDTH/RADAR P.RF"
680 LPRINT:LPRINT = 1.Sc/fp=";5c/1p,” : CLUTTERSPECTRAL WIDTH/RADARP RF*
590 PRINT : PRINT “2.1=";1;"db"," : INTEGRATION IMR. FACTOR"

700 LPRINT: LPRINT " 2. 1=71,7db" " : INTEGRATION {MR. FACTOR"
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oY

S'YEN

{. Tp= 1000 HZ
2.5c= 10H2Z
3.N=3

QUTPUT
1.5¢/1p=.01
2.1=55db

PROBLEM*6

:PRF
: CLUTTER SPECTRAL WIDTH
: ®OF DELAY LINE CANCELER WITH OPTIMAL WEIGHTING

: CLUTTER SPECTRAL WIDTH/RADAR P.RF
: INTEGRATION IMR. FACTCR
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10 PRINT : PRINT TAB(30); " PROBLEN *7°

20  PRINT TAB (30); * ----------- :

30 REN A0 2050 90 40 40 40 2 20 20 2 VAR'ABLES A0 90 38 3040 5040 98 N

40 LET €=3*10'8 ‘m/s

%0 LET P1=3.141583*

60 LET M=.4342945%

70 LET K=1.38%10°-23 'BOLTZMAN CONSTANT IN §/Deg

80 LETT0=290 'STANDARD TEMPERATURE IN KELVIN

90  GOSUB 160 : GOSUB 2080 : GOSUB 810 : GOSUB 2260 : GOSUB 930 :GOSUB 2330
100 GOSUB 1160 : GOSUB 2480 : GOSUB 1760 : GOSUB 2640 : GOSUB 1960 : GOSUB 2730
110 PRINT : PRINT “DO YOU WANT TOTRY AGAIN FOR DIFFERENT OR THE SAME DATA Y/N?"
120 INPUT A$

130 IFLEFT$(AS,1)="¥" ORLEFTS$(A$,1)="y" THEN 20

140 END

1 S0 0000 5050 5020 A A0 040 40 20 40 30 A0 A0 A0 S0 A0 30 20 2040 2020 20 00 0 00

160 '* INPUTS THE DATA

170 RS0 SE AR 5050 B S0 A A0 A0 A0 A0 S0 A0 A0 A0 A0 A 20 30 3090 300 20 A0 2040

180 PRINT : PRINT " ENTER THE PEAK POWER Pp INKw"

190 INPUT Pp:PRINT : PRINT ~ 1. Pp=",Pp;"Kw"

200 PRINT : PRINT “ENTERTHE PRF Fp INHZ"

210 INPUT Fp:PRINT : PRINT = 2. Fp=",Fp;"HZ"

220 PRINT : PRINT "ENTER THE PULSE WIDTHT IN micsec”

230 INPUT T:PRINT: PRINT " 3.T=";T;"micsec”

240 PRINT : PRINT "ENTER THE FALSE ALARMTIME Tfa IN Hrs®
250 INPUT TTa:PRINT : PRINT * 4. T1a=",Tte;"Hrs"

260 PRINT : PRINT " ENTER THE RECEIVER NOISE FIGURE F IN db”
270 INPUT F: PRINT : PRINT “ S. F=";F,"db"

2680 PRINT : PRINT “ENTER THE TRANSMITTER FREQ. FO INMHZ *
290 INPUT FO: PRINT : PRINT ~ 6. FO=",FO;"MHZ" .
300 PRINT : PRINT " ENTER THE IF FREQ. Fif IN MHZ"

310 INPUT FIT: PRINT : PRINT “ 7. Fif=",F{f;"MHZ"

320 PRINT :PRINT " ENTER THE |F BANDWIDTH Bif IN MHZ"

.::'_'; 330 INPUT Bif : PRINT : PRINT ~ 8. BI1=";BI1;"MHZ"
r::_‘._; 340 PRINT : PRINT “ENTER THE ANTENNA POWER GAIN G IN db”
f‘&‘! 350 INPUT G:PRINT : PRINT " 9.6=",6;"db”
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360 PRINT : PRINT * ENTER THE MINIMUM DETECTABLE SIGNAL M.D.S IN dbm®
370 INPUT M.D.S:PRINT : PRINT ° 10.M.D.9=";M.D.5;"dbm"

380 PRINT :PRINT ° IS THE INPUT DATA CORRECCT Y/N?°

390 INPUT B$

400 IFLEFT$(BS,1)="y" ORLEFT$(BS,1)="y" THEN 790

410 PRINT:PRINT " WHAT OF THE FOLLOWING DO YOU WANT TO CHANGE?"

420 PRINT : PRINT ° 1. THE PEAK POWER?"

430 PRINT :PRINT * 2. THEP.RF?"

440 PRINT : PRINT * 3. THE PULSE WIDTH?"

450 PRINT : PRINT " 4 THE FALSE ALARM TIME?"

460 PRINT :PRINT ° 5. THE RECEIVER NOISE FIFURE?"

470 PRINT : PRINT " 6. THE TRANSMITTER FREQ.?"

480 PRINT :PRINT © 7. THE IF FREQ.?"

490 PRINT : PRINT " 8. THE IF BANDWIDTH?"

500 PRINT :PRINT ° 9. ANTENNA POWER GAIN7"

S10 PRINT : PRINT ° 10. THE MINIMUM DET. SIGNAL?"

520 INPUTCS

S30 IFC$="1" THEN PRINT : PRINT ~ ENTER THE PEAK POWER Pp INKw"

S40 IFC$="1" THEN INPUT Pp: PRINT : PRINT * 1.Pp=",Pp;"Kw" : GOTO 730
S50 IFC$="2" THENPRINT : PRINT " ENTER THEP.RF Fp IN HZ"

560 |FC$="2" THEN INPUT Fp : PRINT : PRINT “ 2. Fp=",Fp;"HZ": GOTO 730

S70 IF C$="3" THEN PRINT : PRINT * ENTER THE PULSE WIDTH T IN micsec”
580 IFC$="3" THEN INPUT T :PRINT : PRINT “3.T=";T,"micsec™: GOTC 730
590 IFC$="4" THENPRINT :PRINT “ ENTER THE FALSE ALARM TIME Tfe IN Hrs"
600 IFC$-"4" TIHCNINPUT Tfa: PRINT : PRINT “ 4. Tfa="Tfa;"Hrs" : 6OTO 730
610 IFC$="S" THENPRINT : PRINT " ENTER THE RECEIVER NOISE FIGURE F IN db”
620 IFC$="S" THEN INPUT F: PRINT : PRINT “5.F="F,"db" : GOTO 730

630 IFC$="6" THEN PRINT : PRINT " ENTER THE TRANSMITTER FREQ. FO INMHZ "
640 IFC3$="6" THEN INPUT FO : PRINT : PRINT " 6. FO=",F0;"MHZ": 60TO 730
650 IFC$="7" THENPRINT : PRINT " ENTER THE IF FREQ. Fif IN MHZ"

660 IF C$="7" THEN INPUT Fif: PRINT : PRINT " 7. Fif=";Fif;"MHZ" : GOTO 730
670 IFC$="8" THEN PRINT : PRINT “ ENTER THE IF BANDWIDTH Bif INMHZ"
680 IF C$="8" THEN INPUT BIf : PRINT : PRINT = 8. Bif=" BIf;"MHZ" : GOTO 730
690 IFC$="9" THEN PRINT : PRINT "ENTER THE ANTENNA POWER GAING IN db”
700 IFC$="9" THEN INPUT G:PRINT PRINT “9.6=";G,"db": GOTO 730
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710 IFC$="10" THEN PRINT : PRINT ° ENTER THE MINIMUM DETECTABLE SIGNAL 1.D.S IN dbm”
720 [FC$="10" THEN INPUT M.D.S: PRINT : PRINT " 10.M.D.5=";M.D.S;"dbm": GOTO 730

A 730 PRINT : PRINT * 1S EVERYTHING 0.K NOW?"

' 740 INPUT D$

S 750 IF LEFT$(D$,1)="Y" OR LEFT$(D$,1)="y" THENGOTD 790
A 760 PRINT : PRINT * WHAT DO YOU WANT TO CHANGE AGAIN?®

770 PRINT : PRINT "HIT ANY KEY IN YOUR KEYBOARD AND EVERYTHING WILL WORK FOR YOU"
: 760 INPUT E$:GOTO 420
790 RETURN

800 SAP D40 20 2040 204000 S0 90 A0 00 4030 4040 40 A0 4090 2040 20 90 5090 20 20 500 50 50 050 0 90 0 0 0

810 * CALCULATION FOR PART 1:

820 TR0 A0 0020 20 38 40 20 A0 A0 20 0 20 A0 S0 A0 20 4 S0 A0 5040 20 A1 2020 2000 20 A8 20 AR 20 2 48 0 4

830 PRINT : PRINT " NOW IS CALCULATED PART 1"

2
B840 LET Pp=Pp*10°3 'CONVERTION FROM Kw TO w
v 850 LETT=T*10"-6 'CONVERTION FORM msac TO sec.
: 860 LET Pav=Pp*Fp*T 'AVERAGE OUTPUT POWER
5 870 LET Pev=Pay/1000 "CONVERTION FROM w TO Kw
& 880 PRINT : PRINT : PRINT ~ PART 1:"
;- 890 PRINT * —--—--- .
. 900 PRINT :PRINT “ 1. Pav=Pp*Fp*T=".Pav;"Kw",": AVERAGE OUTPUT POWER"
3 910 RETURN
-;: 920 RIZIIZ 222222222l l2 22ty s )
N 930 ° CALCULATION FOR PART 2:
“ A 940 ‘RBURBRUBRBRBN NN RRERN 022000000 % 0N
ff}: 956 PRINT : PRINT " NOW 15 CALCULATED PART 2:°
: 960 PRINT : PRINT : PRINT " PART 2"
970 PRINT " -----—- .
980 LET Bif=Bif*10°6 "CONVERTION FROM MHZ TO HZ
990 LET Pn=K*TO*Bif "NOISE POWER
1000 LET Pn)=10*M*LOG(Pn) 'CONVERTION FROM w TO dbw
1010 LET Pn2=Pn1+30 'CONVERTION FROM dbw T0 dbm

1020 PRINT :PRINT “2(a). Pn=K*TO*Bif=";Pn;"W";" OR ";CINT(Pn2);"dbm"; ": NOISE POWER"
1030 IF (Pn2>M.D.S) THEN GOTO 1090 ELSE 1040

1040 IF (Pn2¢M.D.S) THENGOTO 1100 ELSE 1050

1050 IF (Pn2=M.D.S) THENGOTO 1110
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A
; 1060 LET T1a=T1a*3600 ‘CONVERTION FROM Hrs TO Sec.
7' : 1070 LET A=LOG(Tfa*BIf)
w 1080 LET A=10*M*LOG(A) : GOTO 1120 'CONVERTION FROM NUMERIC TO db
- 1090 PRINT :PRINT * 2(b). THE NOISE POWER IS GREATER THAN THE M.D.5": GOTO 1060
ot 1100 PRINT :PRINT "~ 2(b). THE NOISE POWER IS SMALLER THAN THE M.D.5": GOTO 1¢50
‘ 1110 PRINT : PRINT = 2(b). THE NOISE POWER IS ZG. ~_ {21 3.5° 3CT0 1050
S 1120 PRINT : PRINT ~ 2(c). (V12)/(2Y0)=In(T18*B1f)=",CSNG(A);"db"; " :R.M.S THRESHOLD POWER
}',? TONOISERATIO"
3 1130 PRINT :PRINT TAB(S5);"IF NO PULSE INTEGRATION IS PERFORMED"
3 1140 RETURN
‘: ] '56*’***’*****!*!!*’******!*QQ**.*DQ*Q**
i 1160 * CALCULATION FOR PART 3:
) :::~:‘ 1 I 70***l***********’*********************
}:i? 1180 PRINT: PRINT * NOW IS CALCULATEDPART 3:
1190 PRINT : PRINT “ENTER THE TARGET CROSS SECTION S¢ INSQ METERS”
'X 1200 INPUT Sc
) 1210 PRINT : PRINT " ENTER THE PROBABILITY OF DETECTIONPd "
E‘; 1220 INPUT Pd
1230 PRINT : PRINT “ENTER THE # OF PULSES THAT ARE INTEGRATED AFTER POST-DATECTION"
. 1246 INPUT n
{\ 1250 PRINT : PRINT " 1S THE INPUT DATA CORRECCT Y/N?"
\ 1260 INPUTF$
YR 1270 IF LEFT$(FS, 1)="y" ORLEFT$(F$,1)="y" THEN 1460
,) 1280 PRINT : PRINT " WHAT OF THE FOLLOWING DO YOU WANT TO CHANGE?"
10 1290 PRINT : PRINT * 1. THE CROSS SECTION?"
4 1300 PRINT : PRINT " 2. THE PROBABIL ITY OF DETECTION?"
1310 PRINT: PRINT - 3. THE # OF INTEGRATED PULSES?"
2 1320 INPUTG$ '
o 1330 IFG$="1" THEN PRINT : PRINT ~ ENTER THE CROSS SECTION Sc IN SQ. METERS"
o 1340 IFG$="1" THEN INPUT Sc : GOTO 1390
f ., 1350 IFG$="2" THEN PRINT : PRINT * ENTER THE PROBABILITY OF DETECTION Pd"
S 1360 IF 6$="2" THEN INPUT Pd : GOTO 1390
1370 IF G$="3" THENPRINT : PRINT " ENTER THE # OF PULSES TO BE INTEG. n”
o 1380 IF G3="3" THEN INPUT n:GOTO 1390
S 1390 PRINT PRINT * IS EVERYTHING 0.K NOW?"
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1400 INPUTH$

1410 |F LEFT$(HS, 1)="Y" ORLEFT$(HS,1)="y" THENGOTO 1460

1430 PRINT : PRINT “ WHAT 00 YOU WANT TO CHANGE AGAIN?

1440 PRINT : PRINT “HIT ANY KEY IN YOUR KEYBOARD AND EVERYTHING WILL WORK FQR ¥OU"
1450 INPUT 1$:GOTO 1290

1460 LET Pfa=1/(T1a*Bif) 'PROBABILITY OF FALSE ALARM

1470 PRINT : PRINT “SINCE YOU KNOW THE PROBABILITY OF FALSE ALARM Pfa=";Pfe",’

1480 PRINT : PRINT “THE PROBABILITY OF DETECTION Pd=";Pd;"FROMFig. 2.7 (SKOLNIK Pg. 28)"
1490 PRINT : PRINT “ YOU CAN FIND THE (S/N)1"

1500 PRINT : PRINT “ENTER THE (S/N) | IN db"

1510 INPUT S1

1520 PRINT : PRINT “ SINCE YOUR FLUCTUATION CASE IS CASE4 FROMFIg. 2.23 (SKOLNIK Pg.48)"
1530 PRINT : PRINT * YOU CANFIND THE ADDITIONAL (S/N)1ad"

1540 PRINT : PRINT “ENTER THE ADDITIONAL (S/N)1ad IN db”

1550 INPUT 52

1560 LET 53=51+52

1570 PRINT : PRINT “FROM F1g. 2.24 (SKOLNIK Pg. 49) YOU CANF IND THE INTEGR. IMR._FACTOR"
1580 PRINT : PRINT " ENTER THE INTEGR. IMR. FACTOR I1(n) IN db"

1590 INPUT |

1600 LET 54=53-

1610 PRINT : PRINT : PRINT “ PART 3.

1620 PRINT = ------- y

1630 PRINT : PRINT “ 3(a). Sc=";5¢;"sq. m"; *: TARGET CROSS SECTION"

1650 PRINT : PRINT “ 3(b). Pd=";Pd; *: PROBABILITY OF DETECTION"

1660 PRINT: PRINT -~ 3(c).n=";n; “: #OF INTEGRATED PULSES"

1670 PRINT : PRINT " 3(d). YOUR MODEL IS INCASE4";" : SWERLING MODEL"

1680 PRINT : PRINT * 3(e). Pfa=1/(T1a*Bif)=";Pfe; *: PROBABILITY OF FALSE ALARM"

1690 PRINT : PRINT * 3(1).(5/N) 1=";51,7db"; * :(5/N)1 FOR ONE PULSE INTEGRATED FROMFig 2.7
1700 PRINT :PRINT " 3(g). (S/N)1ad=";52;"db"; * ADDITIONAL (S/N) FROMF1g. 2.7

1710 PRINT : PRINT - 3(h). (5/N)1tot=";53;"db"; “: TOTAL (5/N) FROM Fig. 2.23"

1720 PRINT: PRINT * 3(1). 11(n)=";1;"db"; " : INTEGR. IMR.FACTOR FOR 30 PULSES FROMFig. 2.24"
1730 PRINT : PRINT " 3(k). (S/N)30=(S/N) 1tot/11(n)=";54;"db"; “ - THEMIN. (S/N) REQUIRED TO
ACHIEVEPQ=0.5"

1740 RETURN

| 7534.!6!‘00!’4QQQ*iﬂbliiﬁlﬂll**Q**!*!*!*Ql
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1780 * CALCULATIONS FOR PART 4
] 770..’.’.’.‘lQQ.Q.QQQ!QOQDQOQO!QDQO*Q*Q’QQO
1780 PRINT : PRINT * NOW IS CALCULATED PART 4:"

1790 PRINT : PRINT * ENTER THE VALUE OF THE (S/N)min IN db"

1800 INPUTS

1810 PRINT : PRINT " ENTER THE TOTAL SYSTEMLOSSESLS IN db”

1820 INPUT LS

1830 LETF1=F/10:F2=10F| ‘CONVERTION FROM db TO NUMERIC

1840 LET G1=6/10:62=10G! 'CONYERTION FROM db TO NUMERIC
1850 LET Ls1=LS5/10:Ls2=101s1 ‘CONVERTION FROM db TO NUMERIC
1860 LET FO=FO*10%6:1=C/FO

1870 LET 55=5/10:56=10"S5 *CONVERTION FROM db TO NUMERIC

188CQLETR=(Pp*(G2°2)*(1°2)*Sc/(((4*P1)"3)*K*TO*F2*B11*S6*Ls2))'(1/4)

1890 PRINT : PRINT : PRINT ~ PART 4~

1900 PRINT ~ ------- 3

1910 PRINT : PRINT ° 4(a). (S/N)min=";5;"db"

1920 PRINT : PRINT ~ 4(b).Ls=";Ls;"db"; " : TOTAL SYSTEM LOSSES"

1830 PRINT : PRINT ~ 4(c).

R=(Pp*(G-2)*(1°2)*Sc/(((4*P1)"3)*(K*TO*F *B11)*(S/N)min*Ls))"(1/4)=",CSNG(R/ 1 000); "KM
MAX.RANGE"

1940 RETURN

1 950”!** SRR AR I0 00 200 3000 2000 00 3000 2040 3090 30 40 90 S 2L 30 S0 20 %

1960 * CALCULATIONS FOR PART S:

1 970‘.‘.C.lll*CQ”*.l.l*lll’i*’*d*****ﬁ*i

1980 PRINT : PRINT ° NOW IS CALCULATED PART 5:°

1990 PRINT :PRINT " CNTLR TIE MIN. RADAR RANGER1 IN KM”
2000 INPUT R1

2010 LET TR=2*R1*1000/C-T ‘RECOVERY TIME
2020 PRINT : PRINT : PRINT " PART 5"

2030 PRINT ™ ------- :

2040 PRINT: PRINT " 5(a).R1=";R1;"KM"; " : MIN.RADAR RANGE"
2050 PRINT :PRINT " S5(b). TR=(2%R 1*1000/C)-T=";TR*10°6;,"micsec";" : RECOVERY TIME"
2060 RETURN

20 70’ RRRRBRRRERRRRARRCRRERNRRABRARRRR P LB 0R

2080 * SUBROUTINE THAT PRINTS THE INPUT DATA
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2090’.’*’Q.Q’Q.Q’”Q*.*”Qﬂ.ﬂ.’.."’C.GQ.QCQQQ

2100 LPRINT : LPRINT TAB(30); * PROBLEM #7°

2110 LPRINT TAB(30);" --—=—-=-=m-®
2120 LPRINT : LPRINT :LPRINT "G IVEN"
2130 LPRINT " --------- .

2140 LPRINT:LPRINT " 1.Pp=",Pp;"Kw", " : PEAKPOWER"

2150 LPRINT :LPRINT ~ 2. Fp=",Fp,"HZ", " : P.RF"

2160 LPRINT:LPRINT " 3.7="T,"micsec”, " : PULSE WIDTH"

2170 LPRINT : LPRINT " 4. Tfe=",T1e;"Hrs"," : FALSE ALARM T IME"

2180 LPRINT :LPRINT °S.F="F;"db", :RECEIVER NOISE FIGURE®
2190 LPRINT :LPRINT " 6.F0=",F0;"MHZ", " : TRANSMITTED FREQ."

2200 LPRINT : LPRINT °7.Fif=";F11;,"MHZ", *: IF FREQUENCY"

2210 LPRINT : LPRINT ° 8. Bi1=";B11;"MHZ", " IF BANDWIDTH"

2220 LPRINT : LPRINT " 9.6=";6,"db", " : ANTENNA POWER GAIN®
2230 LPRINT: LPRINT " 10.M.D.5=",M.0.5;,"dbm", ": MIN.DETECTABLE SIGNAL"
2240 RETURN

2250”00'*.0..0’0..Q*’0*QD**C*Q’Q’QQQQ’***Q*QD*

2260 * SUBROUTINE THAT PRINTS PART 1:
2270”'*”‘*'*‘*’"Q.Ql!’*.!‘*l*****l**‘*’**l!*

2280 LPRINT : LPRINT : LPRINT * PART 1"

2290 LPRINT = --—---- -

2300 LPRINT :LPRINT * |.Pav=Pp*Fp*T=",Pav;"Kw":" : AVERAGE OUTPUT POWER"
2310 RETURN '

2320&00".‘."*.!.&.'ldi.!.lllﬂ.l'l.ll

2330 ' SUBROUTINE THAT PRINTS PART 2:
23d0§*0!***!!l****i!l*****l**’*I*ll*!’

2350 LPRINT :LPRINT : LPRINT " PART 2"

2360 LPRINT " ------- )

2370 LPRINT . LPRINT ° 2(6). Pn=K*TO*BI1=",Pn;"W";" OR ";CINT(Pn2);"dbm"; " : NOISE POWER"
2380 IF (Pn2>M.D.S) THEN GOTO 2410 ELSE 2390

2390 IF(Pn2<M.D.S)} THEN GOTO 2420 ELSE 2400

2400 IF (Pn2-M.D.S) THENGOTO 2430

2410 LPRINT: LPRINT ° 2(b). THE NOISE POWER IS GREATER THAN THE M.0.S*: GOTO 2440
2420 LPRINT: LPRINT ° 2(b). THE NOISE POWER 1S SMALLER THAN THE M.D.S™:GOTO 2440
2430 LPRINT: LPRINT * 2(b). THE NOISE POWER IS EQUAL THE M D.5"
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2440 LPRINT :LPRINT * 2(c). (V1°2)/(2Y0)=1n(T1a*B11)=",CSNG(A);*dd"; * : R.M.S THRESHOLD
POWER TONOISE RATIO"

2450 LPRINT :LPRINT TAB(SS5);"IF NO PULSE INTEGRATION IS PERFORMED"

2460 RETURN

247OQQ'*‘*.*Q*Q’Q*.*Q***Q*Q*’*’*Q***QQQ

2480 * SUBROUTINE THAT PRINTS PART 3:

2490’*.*.9Q*QQ**Q*Q*Gll*#’**’*d’**.*!*’

2500 LPRINT : LPRINT : LPRINT * PART 3.

2510 LPRINT *------- -

2520 LPRINT : LPRINT * 3(a). S¢=";5¢;"sq. m",":TARGET CROSS SECTION"

2530 LPRINT : LPRINT * 3(b). Pd=";Pd, " : PROBABILITY OF DETECTION"

2540 LPRINT: LPRINT " 3(c).n=";n, *: *OF INTEGRATED PULSES"

2350 LPRINT : LPRINT * 3(d). YOUR MODEL IS IN CASE4", " : SWERLING MODEL"

2560 LPRINT : LPRINT ~3(e). Pfa= 1/(Tfa*Bi1)="Pfa, " :PROBABILITY OF FALSE ALARM"

2570 LPRINT : LPRINT * 3(f).(S/N) 1="51;"db", * : (5/N) | FOR ONE PULSE INTEGRATED FROM Fig
27

2580 LPRINT : LPRINT * 3(g).(S/N)1ad=";52;"db", *: ADDITIONAL (S/N) FROM Fig. 2.7"

2590 LPRINT : LPRINT * 3(h). (S/N) 1t01=";53;"db", " : TOTAL(S/N) FROM Fig. 2.23"

2600 LPRINT : LPRINT  3(1). 11(n)=";1;"db", *:INTEGR. IMR. FACTOR FOR 30 PULSES FROM Fig.
224

2610 LPRINT : LPRINT ~ 3(k). (S/N)30=(S/N)tot/11(n)=";54;"db"," : THE MIN. (S/N) REQUIRED TO
ACHIEVEPG=0.5"

2620 RETURN

2630#!*'4’**!.&’*!**‘*!.l*..il*‘l*&***&.d

2640 ' SUBROUTINE THAT PRINTS PART 4:

2650!*!*!!**i!*****l*ll*!*Q!i’!!i*{*.*l*&

2660 LPRINT :LPRINT : LPRINT ° PART 4:°

2670 LPRINT " ------- -

2680 LPRINT : LPRINT * &(e).(S/N)min=",S;"db"

2690 LPRINT : LPRINT “4(b).Ls=";Ls;"db"; ": TOTAL SYSTEM LOSSES™

2700 LPRINT : LPRINT “4(c).
R=(Pp*(G"2)*(1"2)*Sc/(((4*P1)*3)*(K*TO*F#BIF )*(5/N)min*Ls))"(1/4)=";CSNG(R/ 1000);"KM~"
MAX.RANGE™

2710 RETURN

27206*0*'*‘QO*!*Q*Q**Q**Q*Q!*****!!**
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RN 2730 ° SUBROUTINE THAT PRINTS PART 5:

2740"#..*’*&"!.QG.Q!Q.QQQIQ’!’***!‘*

Ne 2750 LPRINT : LPRINT : LPRINT " PART S:°

-~ 2760 LPRINT *-=----- .
NG 2770 LPRINT : LPRINT “5(a). R1="R1;"KM"; *: MIN. RADAR RANGE"
o 2780 LPRINT :LPRINT * 5(b). TR=(2#R 1* 1000/C)-T="TR* 10°6;'micsec"; *:RECOVERY TIME"

'
-
; 3. 2790 RETURN
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PROBLEM=7
GiVEN
1.Pp= 200 Kw : PEAK POWER
2.Fp= 300 HZ :P.RF
3.T= 60 micsec : PULSE WIDTH
4.Tfa= 2.2 Hrs : FALSE ALARM TIME
S.F=65db : RECEIVER NOISE FIGURE
6. FO= 400 MHZ : TRANSMITTED FREQ.
T.Fif= 120 MHZ : IF FREQUENCY
8. Bif=1.25 MHZ : IF BANDWIDTH
9.6=21db : ANTENNA POWER GAIN

10.MD.5=-115Sdbm  :MIN DETECTABLE SIGNAL

PART | .
1.Pav=Pp*Fp*T= 3 6 Kw : AYERAGE OUTPUT POWER

PART 2.
2(3). Pn=K*TO*BI(=5.0025d- 1S W OR - 113 dbm : NOISE POWER

2(b). THE NOISE POWER IS GREATER THANTHE M.0D.S

2(c).(VU'2)/(2Y0)=In(T1a*B11)= 13.6203db :R.M.S THRESHOLD POWER TONOISE RATI0

IF NO PULSE INTEGRATION IS PERFORMED

PART 3.

3(a8).5c=1sq.m ‘TARGET CROSS SECTION

3(b).Pd= 5 : PROBABILITY OF DETECTION

3(c).n= 30 : #0F INTEGRATED PULSES

3(d). YOUR MODEL IS IN CASE4 : SWERLING MODEL

3(e).Pra=1/(Tfa*Bif)= 1E-10 :PROBABILITY OF FALSE ALARM

(). (S/N)1= 136 db :(5/N)1 FCR ONE PULSE INTEGRATED FROMFig 2.7
3(g; {E/M)iac: 1 1y : ADDITIONAL (S/N)

3(a). (S/M) et 146 b : TOTAL (S/N)
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PART &

4(a).(S/N)min= 4 db

4(b).Ls= 1 db: TOTAL SYSTEM LOSSES

4(0).R=(Pp*(6-2)*(1°2)*Sc/(({4*P1) 3)*(K*TO*F2BIF)*(S/N)MIN=Ls)) (1/4)=58. 7151 114
RANGE

PART S:
5(a).R1= 10.5 KM: MIN. RADAR RANGE
S(b). TR=(2*R 1*1000/C)-T= 10 micsec :RECOVERY TIME
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PRINT : PRINT TAB(30); * PROBLEM *8°

PRINT TAB (30); * ==========-"

LPRINT : LPRINT TAB(30); " PROBLEM #8"

LPRINT TAB (30); * -—--------- .

GOSUB 120 : GOSUB 450

GOSUB 650 : GOSUB 790

PRINT : PRINT ° DO YOU WANT TO TRY AGAIN FOR DIFFERENT OR THE SAME DATA Y/N?°
INPUT A$

IF LEFT$(A$,1)="Y" DR LEFT$(A$,1)="y" THEN S0

END

1 Q000000 1040 4000 0090 0090 3040 40 50 0040 00 90 00 20 30 40 20 40 0 40 3¢

120

el INPUTS THE DATA .

1 30 POPA0 AP A0 040 3050 40 00 2040 30 40 3040 3040 5040 20 40 30 40 40 30 40 40 40

140
150
160
170
180
190
200
210
220
230
240
250
260
270
280
290
300
310
320
330
340
350

PRINT : PRINT - ENTER THE OPERAT ING FREQ. IN GHZ"

INPUT f : PRINT : PRINT * [ {=";1;"GHZ"

PRINT : PRINT " ENTER THE P.RF fp INHZ"

INPUT fp : PRINT : PRINT * 2. fp=";1p; HZ"

PRINT : PRINT * FROM F1g. 13 (SKOLNIK Handbook Pg. 17-16) AND FOR CHAFF YOU CAN FIND
PRINT " THE RANGE OF THE R.M.S VELGCITY SPREAD"

PRINT : PRINT “ ENTER THE LOWER VALUE Sut OF THERM.5 VELOCITY SPREAD IN m/s°
INPUT Sui : PRINT : PRINT " 3. Su1=";Sul;"m/s"

PRINT : PRINT " ENTER THE UPPER VALUE Su2 OF THE RM.S VELOCITY SPREAD INm/s"
INPUT Su2 : PRINT : PRINT " 4. Su2=";Su2;"'m/s"

PRINT : PRINT “ 15 THE INPUT DATA CORRECCT ¥/N?"

INPUT B$

IF LEFT$(BS, 1)="Y" ORLEFT$(BS,1)="y" THEN 470

PRINT : PRINT * WHAT OF THE FOLLOWING DO YOU WANT TO CHANGE?"

PRINT : PRINT * 1. THE OPERATING FREQ.?"

PRINT : PRINT * 2. THE PRF?"

PRINT : PRINT * 3. THE LOWER VALUE OF THE RM.S VELOCITY SPREAD?"

PRINT : PRINT * 4. THE UPPER VALUE OF THE R.M.S VELOCITY SPREAD?"

INPUT C$

IF C$="1" THEN PRINT : PRINT " ENTER THE OPERAT ING FREQ. f IN GHZ"

IF C$="1" THEN INPUT f : PRINT : PRINT ° 1.1=";f;"GHZ" : GOTO 410

IF C$="2" THEN PRINT : PRINT “ ENTER THE P.RF fp IN HZ"
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360 IF C$="2" THEN INPUT fp : PRINT : PRINT “ 2. fp=";tp;"HZ" : GOTO 410

370 IFC$="3" THEN PRINT : PRINT " ENTER THE LOWER VALUE OF THE R.M.S VELOC!TY SPREAD
Sul INm/s"

380 IFC$="3" THEN INPUT Sul :PRINT : PRINT " 3.Su1=";Su!;"m/s": GOT0 410

390 IF C$="4" THEN PRINT : PRINT " ENTER THE UPPER VALUE OF THE R.M.S VELOCITY SPREAD
Us2 INm/s®

400 IFC$="4" THEN INPUT Su2:PRINT : PRINT " 4.Us2=";Us2;"m/s" : GOT0 410

410 PRINT :PRINT " ISEVERYTHING 0.K NOW?"

420 INPUT D$

430 IFLEFT$(DS,1)="Y" ORLEFT$(D$,1)="y" THEN GOTO 470

440 PRINT : PRINT " WHAT DO YOU WANT TO CHANGE AGAIN?"

450 PRINT : PRINT “HIT ANY KEY IN YOUR KEYBOARD AND EVERYTHING WILL WORK FOR YOU"

460 INPUT E$: GOTO 280

470 RETURN

480’*‘*.*&*!*0*’Dilﬂiﬂ*‘l*l***!*’*****!l!.***i

490 ° PRINTS THE INPUT DATA

500**’Q**’*’Q&’**QQ**‘*Q******’***D***l***!*‘l

510 PRINT:PRINT"GIVEN"

520 PRINT ® -=-===mmn -

S30 LPRINT:LPRINT "G I VEN"

540 LPRINT ®--------- -

5S0 PRINT: PRINT ™ 1.1=";1,"GHZ"TAB(20);" : OPERATING FREQUENCY"

S60 LPRINT :LPRINT ° 1.1=";1;"GH2 TAB(20);": OPERATING FREQUENCY"

S70 PRINT :PRINT " 2. fp=";fp;"HZ"TAB(20);": P.RF"

580 LPRINT :LPRINT "2, fp=";1p;"HZ"TAB(20);": PRF"

590 PRINT:PRINT " 3.Su1=";Su!;"m/sTAB(20);": LOWER VALUE OF THERM.S VELOCITY
SPREAD"

600 LPRINT:LPRINT *3.Sul=";5ul;"m/s"TAB(20);" :LOWER YALUE OF THE R.M.S VELOCITY
SPREAD"

610 PRINT :PRINT ° 4.Su2=";Su2;"m/8"TAB(20);" : UPPER VALUE OF THE RM.S VELOCITY
SPREAD"

620 LPRINT:LPRINT " 4. Su2=";Su2;"m/s"TAB(20);": UPPER VALUE OF THER.M.S VELOCITY
SPREAD"

630 RETURN

640'!!!’4’* a2 A2l LY L
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830 ° CALCULATIONS }
660'!...&!!i!l*l.l&DQQCD!Q!.Q**I!.*QC’Q

670 LET f=f*10'9 ‘convertion from GH2 to H2

680 LETC=3*108 ‘m/3

690 LET PI=3.14159

700 LET a1=C"2/(8*Sul"2) ‘pareameter dependent upon clutter
710 LET a2-C"2/(8%*Su222) ‘persmeter dependent upon clutter
720 LET 12c1=012*1p"4/(2%P1°'4*1'4) ‘imrovement factor

730 LET 1202 =02°2*1p‘4/(2*P|1°4*1°4) ‘Imrovement factor
740 LETM=.4342945*

750 LET 12¢1=CINT(10*M*L0OG(I2¢ 1)) ‘convertion from numeric to db
760 LET 12¢2=CINT(10*M*L0G(12¢c2)) ‘convertion from numeric to db
770 RETURN

780‘!!***** WILNMN IR NN NI NN NNNRR BN NN

790 °  PRINTS THE QUTPUT

eoo“...l.ﬂ.l.‘l..ﬂ (21 121212y Rt Ll L2l

" B10 PRINT :PRINT - OUTPUT"

820 PRINT *------ -
830 LPRINT :LPRINT - QUTPUT"
840 LPRINT ° ------ .

850 PRINT:PRINT “ 1.01=C"2/(8*Su1°2)=";a1,": PARAMETER DEPENDENT UPON CLUTTER"
860 LPRINT:LPRINT " |.81=C"2/(8*Su172)=";a1,". PARAMETER DEPENDENT UPONCLUTTER"
870 PRINT:PRINT “2.a2=C"2/(8*Su2°2)=";62,": PARAMETER DEPENDENT UPON CLUTTER"
880 LPRINT :LPRINT "2.02=C"2/(8%Su2°2)=";02,": PARAMETER DEPENDENT UPONCLUTTER"
890 PRINT :PRINT “3.12c 1=a1*1p°d/(2*P1°4%1°d)=";12c | ;"db",": IMPROVEMENT FACTOR"
S00 LPRINT:LPRINT "3.12c 1=a1*1p°4/(2%P|1"4*1°4)=";12¢1,"db",": IMPROVEMENT FACTOR"
910 PRINT :PRINT “4.12c2=a2%1p"d/(2#P1°4*1°d)=";12c2;"db",": IMPROVEMENT FACTOR"
920 LPRINT:LPRINT " 4. 12c2-02%fp°d/(24P | 4%{'4)=";12¢2;"db",": IMPROVEMENT FACTOR"
930 PRINT :PRINT “THE IMROVEMENT FACTOR ISFROM";12c 1,°db";" TO";12¢2;"db"

940 LPRINT :LPRINT “THE IMROVEMENT FACTOR ISFROM;12¢1;°db";" TO";12¢2;"db"

950 RETURN
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PROBLEM #8

GIVEN

1. 1=6 GHZ : OPERATING FREQUENCY

2.7p= 1000HZ :PRF

3.5ul=.4m/s :LOWER YALUE OF THE R.M.S VELOCITY SPREAD
4.5u2= 1 m/s :UPPER VALUE OF THE R.M.S VELOCITY SPREAD

OUTPUT
1.a1=C"2/(8%Su1°2)=7.03125D+16  :PARAMETERDEPENDENT UPON CLUTTER
2.82=C"2/(8*Su2°2)= 1.125D+16 : PARAMETER DEPENDENT UPON CLUTTER

3.12c1za1*1p°4/(2*PI°4*1°d)= 43db  : IMPROVEMENT FACTOR
4.1202-02*1p"4/(2*P1°4*1°4)= 27db  : IMPROVEMENT FACTOR
##%% THE IMROVEMENT FACTCR ISFROM 43 db TO 27 db *%**
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K2 10 PRINT : PRINT TAB(30); " PROBLEM #9°

?v 20 PRINT TAB (30); * ----------—- -

B 30 LPRINT : LPRINT TAB(30); * PROBLEM #9°

N 40 LPRINT TAB(30);" -----------"

2o 50 GOSUB 120 : GOSUB 420

é: 60 GOSUBS60 :60SUB 630

I 70 PRINT : PRINT * DO YOU WANT TO TRY AGAIN FOR DIFFERENT OR THE SAME DATA ¥/N?"
», 80  INPUT A$

Ry 90 IFLEFT$(AS,1)="Y" ORLEFT$(AS,1)="y" THEN 50

Fi 100 END

z:; ° 1 ' 0 TR0 IR0 30 0 3090 30 50 30 30 30 50 3020 30 90 3030 50 3 3040 3030 20 2 4

- 120 % INPUTS THE DATA *

:\q;: 1 30 CORAR AR AR A0SR A A0 2040 20 31 S0 AR A0 0 0 40 3040 3050 3020 46 N

& 140 PRINT : PRINT * ENTER THE MEAN FREQ. OF THE CLUTTER SPECTRUM IN HZ"
B3 150 INPUT fe: PRINT : PRINT * I fe=";fe;"HZ"

160 PRINT : PRINT “ ENTERTHE PRF fp INHZ"

{ 170 INPUT fp: PRINT : PRINT “ 2. fp=";fp;"HZ"

o 180 PRINT : PRINT * ENTER THERM.S CLUTTER SPREAD 5¢ INHZ"

e 160 INPUT Sc: PRINT : PRINT * 3. Sc="5¢;"HZ"

- 200 PRINT : PRINT * 15 THE INPUT DATA CORRECCT ¥/N?"

e 210 INPUT BS

e 220 IFLEFT$(BS.1)="y" ORLEFT$(BS, 1)="y" THEN 400

oo 230 PRINT: PRINT * WHAT OF THE FOLLOWING DO YOU WANT TO CHANGE?"
.—- 240 PRINT:PRINT * | THE MEAN FREQ.OF THE CLUTTER SPECTRUM®?"

250 PRINT : PRINT 2. THE PRF?"

e 260 PRINT : PRINT °3. THE R.M.5 CLUTTER SPREAD?"

L 270 INPUT C$

7 280 IFC$="1" THEN PRINT : PRINT * ENTER THE MEAN FREQ. OF THE CLUTTER SPECTRUM fo IN
‘F;: HE"

o 290 IF C$="1" THEN INPUT fo : PRINT : PRINT 1. fe=";e;"HZ" : GOTO 340
L 300 IFC$="2" THEN PRINT : PRINT " ENTER THE PRF p INHZ"

v 310 IF C$="2" THEN INPUT fp : PRINT : PRINT * 2. fp=",p;"HZ" : GOTO 340
h6) 320 IFC$="3" THEN PRINT : PRINT * ENTER THE R.1.S CLUTTER SPREAD 5¢ INHZ"
£ 330 IF C§="3° THEN INPUT Sc : PRINT : PRINT * 3. 5c="5¢,"H2" : 6OTO 340
F L 340 PRINT : PRINT * ISEVERYTHING 0.K NOW?"

B0

:;53"3'
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bt
A

ey 350 INPUT D$

e 360 IFLEFT$(DS.1)="Y" ORLEFT$(DS,1)="y"THEN GOTO 400

i 370 PRINT : PRINT “ WHAT DO YOU WANT TO CHANGE AGAIN?"

oot 380 PRINT : PRINT “HIT ANY KEY IN YOUR KEYBOARD AND EVERYTHING WILL WORK FOR YOU"
b0 390 INPUT E$: GOTO 230

e 400 RETURN

; '\.-: 4]UG*QQ***Q*GQ**!G’!!I*l!*!ﬂ**lﬂ*il*l**!.*’lQ

5 420 PRINTS THE INPUT DATA

.. : 43UQ*G*Q*.QQ*’!Q*’QQ*‘*G.’Q!**D****Q*ll*.'**.

o 440 PRINT :PRINT "G I VEN"

‘;:",_. 450 PRINT * ------—— .

460 LPRINT:LPRINT "G I VEN"

g 470 LPRINT °--------- .

: 480 PRINT :PRINT " 1. fe=";fe;"HZ"TAB(20);" :MEAN FREQUENCY OF THE CLUTTER SPECTRUM -
g 490 LPRINT :LPRINT * 1. fe=";fe;"HZ"TAB(20);" : MEAN FREQUENCY OF THE CLUTTER SPECTRUM
O 500 PRINT : PRINT ° 2.p=",fp;"HZ"TAB(20);": PRF"

; 510 LPRINT :LPRINT * 2. fp=",1p;"HZ"TAB(20);": PR F"

o 520 PRINT: PRINT *3.5¢=";5¢;"HZ"TAB(20);" :R.M.S CLUTTER SPREAD"

%?f 530 LPRINT:LPRINT * 3.Sc=";5¢;"HZ"TAB(20);": R.M.S CLUTTER SPREAD"

n 540 RETURN

:;' 550‘***l***l**ﬂ*******ﬂ’****Q*Q*Q*!****

'- ; 560 ©  CALCULATIONS

s : 570'!*!********l*!**********!**********
Q 590 LETF1=Sc/fp  ‘rm.sclutter spread/pulse rep.freq.

‘.{ 600 LET F2=fe/fp ‘'meen freq. of the clutter spectrum/pulse rep. freq.

o 610 RETURN

S20 MM NRRNRRRRARRBRRIR RN RRRNBRRRRRRE RN

630 ° PRINTS THE OUTPUT

(GQ0" 99910902090 10.40 3043040 41402090 0090 4040 3090 00404000 190 30902040 30 24

650 PRINT : PRINT : PRINT " OUTPUT"

660 PRINT ° ------ -

670 LPRINT : LPRINT : LPRINT " OUTPUT"

680 LPRINT © ------*

690 PRINT :PRINT " 1.5¢/fp="F1,":RM.SCLUTTER SPREAD/PRF"

700 PRINT : PRINT 2. fa/fp="F2;" : MEAN FREQ. OF THE CLUTTER SPECTRUM/P RF"
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R P

710 LPRINT :LPRINT * 1.S¢/1p=";F 1;" : RM.5CLUTTER SPREAD/P RF"

720 LPRINT :LPRINT " 2. fe/fp="F2;" : MEAN FREQ. OF THE CLUTTER SPECTRUM/P.RF"

730 PRINT : PRINT * SINCE YOU KNOW THAT S¢/fp=";F 1;" AND *;"fe/1p=";F2

740 PRINT : PRINT " FROMF1g. 434 (SKOLNIK Pg. 141) YOU CAN FIND THE IMR. FACTOR IN db"

750 PRINT : PRINT " ENTER THE VALUE OF THE IMR. FACTOR"

760 INPUT |

770 PRINT : PRINT * 3. 1=";1;"db";": REDUCTION OF THE IMR.FACTOR FOR THE NEAR IDEAL CASE,”

780 PRINT :PRINT TAB(16);"ASSUMING A THREE PULSE CANCELER"

790 LPRINT :LPRINT " 3. 1=";;"db";" :REDUCTION OF THE IMR. FACTOR FOR THE NEAR IDEAL
CASE,”

800 LPRINT :LPRINT TAB(19);"ASSUMING A THREE PULSE CANCELER"

- 810 RETURN
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:s
18
o
IS PROBLEM#9 :
o~ |
-::' :
o GIVEN
k 1.fe=30HZ :MEAN FREQUENCY OF THE CLUTTER SPECTRUM
r‘ﬁ 2.1p=300HZ :PRF
3 '5 3.5¢=3H2 :R.M.5 CLUTTER SPREAD
N
.)
OUTPUT

- -

1.5¢/fp= .01 :R.M.S CLUTTER SPREAD/PRF

2.1e/fp=.1 :MEANFREQ. OF THE CLUTTER SPECTRUM/P.R.F

3.1=24db  :REDUCTION OF THE IMR. FACTOR FOR THE NEAR IDEAL CASE,
ASSUMING A THREE PULSE CANCELER
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10
20
30
40
S0
60
70
80
90

PRINT : PRINT TAB(30); “ PROBLEM * 10"

PRINT TAB (30); ° ---=--=----="

GOSUB 100 : GOSUB 500

GOSUB 700 :GOSUB 880

PRINT : PRINT * DO YOU WANT TO TRY AGAIN FOR DIFFERENT OR THE SAME DATA ¥/N7*
INPUT A$

IFLEFTS(AS,1)-"Y" DR LEFT$(AS,1)="y" THEN 30

END

SO0 SRR AR A0 40 2040 20 A0 3030 20 40 4040 20 40 2090 4048 30 40 20 00 0 0

100 '» INPUTS THE DATA *

1 ' 0 R A1l 221Xt IIZzZZ 222l 222X

120 PRINT :PRINT " ENTER THE OPERATING FREQ. 10 IN MHZ"

130 INPUT 10: PRINT : PRINT = 1. 10=";10;"MHZ"

140 PRINT : PRINT “ENTER THE SCAN ANGLE OFF ANTENNA CENTER AX1S THs INDeg."

150 INPUT THs : PRINT : PRINT " 2. THs=";THs;"Deg.”

160 PRINT :PRINT "ENTER THE SEPARATIONBETWEEN THE TWO ADJACENT ARRAYELEMENTS d1
INCM® :

170 INPUT d1:PRINT :PRINT *3.d1=";d1;"cm"

180 PRINT:PRINT " ENTER THE DIAMETER OF THE PHASE ARRAY ANTENNA d INm”

190 INPUT d: PRINT : PRINT " 4.d=";d;"m"

200 PRINT : PRINT " ENTER THE OFF CENTER ANGLE WHERE THE ANTENNA 15 STEERED THO IN
Deg.”

210
220
230
240
250
260
270
280
290
300
310
320
330
340

INPUT THO : PRINT : PRINT °S. THO=",THO;"Deg.”

PRINT : PRINT ° IS THE INPUT DATA CORRECT Y/N?°

INPUT B$

IF LEFT$(BS,1)="Y" ORLEFT$(BS$,1)="y" THEN 480

PRINT : PRINT * WHAT OF THE FOLLOWING DO YOU WANT T0O CHANGE?"

PRINT : PRINT “ 1.THE OPERATING FREQ?"

PRINT : PRINT * 2. THE SCAN ANGLE OFF,ANTENNA CENTER AX1S?"

PRINT : PRINT * 3. THE SEPARATION BETWEENTHE TWO ADJACENT ARRAY ELEMENTS?"
PRINT : PRINT * 4. THE DIAMETER OF THE PHASE ARRAY ANTENNA?"

PRINT : PRINT " 5. THE OFF CENTER ANGLE WHERE THE ANTENNA 1S STEERED?"
INPUT C$

IFC$="1"
IFC$="1"
IF C$="2"

Deg.
350 IFC$-=-"2"
360 IFC3$-"3°

THEN PRINT : PRINT ° ENTER THE OPERATING FREQ.IN MH2"
THEN INPUT 10 : PRINT : PRINT © 1.10=",10;"MHZ" : GOTC 420
THEN PRINT : PRINT " ENTER THE SCAN ANGLE OFF ANTENNA CENTER AXIS THs I

THEN INPUT THs : PRINT : PRINT " 2. THs=";THs,;"Deg.” : GOTO 420
THEN PRINT . PRINT "ENTER THE SEPARATION BETWEEN THE ™' ADJACENT
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ARRAYELEMENTS 1 INcm”

370 IFC$="3" THENINPUT d1:PRINT : PRINT ° 3.d1=";d1,"cm": GOTO 420

380 IFC$="4" THENPRINT : PRINT ° ENTER THE DIAMETER OF THE PHASE ARRAY ANTENNA d 1IN
m"

390 IFC$="4" THEN INPUT d:PRINT : PRINT " 4.0=",0;"m" : GOT 0 420

400 IF C$="5" THENPRINT : PRINT " ENTER THE OFF CENTER ANGLE WHERE THE ANTENNA 1S
STEEREDTHO INDeg.”

410 IFC$="5" THEN INPUT THO : PRINT : PRINT "SI THO=";THO; Deg.” : GOTO 420

420 PRINT :PRINT " ISEVERYTHING 0.K NOW?"

430 INPUT D$

440 IF LEFT$(D$,1)="Y" ORLEFT$(DS$,1)="y" THEN GOTO 480

450 PRINT:PRINT " WHAT DO YOU WANT TO CHANGE AGAIN?"

460 PRINT : PRINT "HIT ANY KEY IN YOUR KEYBOARD AND EVERYTHING WILL WORK FOR YOU"

470 INPUT E$: GOTO 260

480 RETURN

490.."".’.9.’. S0 AP0 S0 40 2030 3090 0 A0 5040 430 3050 4050 20 20 30 90 20 20 20 40

500 PRINTS THE INPUT DATA
5 ' GQQQQQ*GQ'QQQ’.’*Q*Q’QQ”IQQQQ AP0 090 2090 390 040 30 %0

520 PRINT: PRINT "G I VEN"

30 PRINT * -—------- -

540 PRINT : PRINT * 1.10=";10;"MHZ", " : OPERATING FREQUENCY"

550 PRINT : PRINT* 2. THs=".THs;"Deq.”, ": SCAN ANGLE OFF ANTENNA CENTER AXIS"

560 PRINT:PRINT"3.di="  .w,~ : SEPARATION BETWEEN THE TWO ADJACENT
ARRAYELEMENTS®

570 PRINT :PRINT “4.d=";0;"n |~ : DIAMETER OF THE PHASE ARRAY ANTENNA"

580 PRINT :PRINT * 5. THO=";THO, "Ceg.",": THE OFF CENTER ANGLE WHERE THE ANTENNA IS
STEERED"

590 LPRINT :LPRINT TAB(30);” PROBLEM # 10°

600 LPRINT TAB(30);" ---~-----~- .

610 LPRINT:LPRINT "G I VEN"

620 LPRINT " --------- -

630 LPRINT :LPRINT * 1. 10="10;"MHZ"," : OPERATING FREQUENCY"

640 LPRINT : LPRINT ~ 2. THs="THs;"Deg.", ": SCAN ANGLE OFF ANTENNA CENTER AXIS®

650 LPRINT:LPRINT " 3.d1=";01;"cm"," : SEPARATION BETWEEN THE TwQ ADJACENT
ARRAYELEMENTS®
860 LPRINT:LPRINT "4 d-";9;’m", " : DIAMETER OF THE PHASE ARRAY ANTENNA®
670 LPRINT :LPRINT “ 5. THO=";THO, "Deq.",”: THE OFF CENTER ANGLE WHERE THE ANTENNA IS
STEERED”
680 RETURN
.
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700 ° CALCULATION FOR PART1 :

T 1 (07 %900000.9000.4040.40 4040 40419090 3040 509090904000 040 4040 490 4090 90 000
720 LETP!=3.141593#

730 LETC=3*10"9

740 LET 10=10*10°6

750 LET1=C/f0

760 LET d1=d1/100

770 LETPHI=2*P1*(d1/1)*SIN(THO*P1/ 180)

780 LET PHI1=180*PHI/PI ‘Deg.

790'!Q*Q**Q*QDQQQ**'***!*’***Q****l***!

800 ° CALCULATION FOR PART2 :

B ' 0'**!I!**Iﬂl*Q*****‘l*****!l*’!****l*!*

820 LET K-.866

830 LETN=1

BA40 LETB.W=K*1/(N*d*(COS(THO*PI/ 180)))

850 LET B.W1=180*B.W/PI Deg.

860 RETURN
870‘**ﬂ***ﬂ****’******”l********.*****
B8O *°  PRINTOUT FOR PART1 and PART 2

890’**!****.!’!’********Ql*****!! L2 Lot &)

900 PRINT : PRINT : PRINT " PART V"

910 PRINT * ----- -

920 LPRINT :LPRINT :LPRINT " PART 1:

930 LPRINT *----- -

940 PRINT :PRINT " 1.PHI=2*P1*(d/1)*SIN(THO)=",CSNG(PHI);"rad";" OR *;CSNG(PHI1);"Deq.";"
:PHASE DIFFERENCE BETWEEN TWO ARRAY ELEMENTS®

950 LPRINT :LPRINT * 1. PHI=2*P1*(d/1)*SIN(THO)=",CSNG(PHI);"red";" OR“;CSNG(PH! 1), Deq.";"

:PHASE DIFFERENCE BETWEENTWO ARRAY ELEMENTS®

960 PRINT : PRINT : PRINT " PART 2:"

970 PRINT ® -=----~

980 LPRINT :LPRINT : LPRINT ~ PART2:"

990 LPRINT * ------ -

1000 PRINT: PRINT ° 2.B.W=K*1/(N*d1*C0OS(THO0))=",CSNG(B.W);"rad";" OR";,CSNG(B.W ! );"Deg.”;
* :BEAMWIDTH AT 10 Deg. FOR THE SAME OUTPUT OF ARRAY ELEMENT"

1010 LPRINT :LPRINT * 2. B.w=K*1/(N*d 1 *COS(THO))=",CSNG(B.W); rad";" OR
“,CSNG(B.W1);"Deg.”;" :BEAMWIDTH AT 10 Deg. FOR THE SAME OUTPUT OF ARRAY ELEMENT"
1020 RETURN

147




.—' g TITT e CAAAn b - A ik has 2Ll AR At At - A 00 e R b A M Al Slntdh ke A% e ' 2 her 2k Yo ul tae b =S iaaen 4 LN Al Yaite R le 4 M "l R = Sy 8 M @ fhy 4 lhe n Mo sl ta by s aw ve) - Jut -
LN
-
AN
E&

PROBLEM# 10

GIVEN

1. 10= 1250 MHZ :OPERATING FREQUENCY

2. THs= 60 Deg. : SCAN ANGLE OF ANTENNA CENTER AXI!S

3.d1=20cm : SEPARATION BETWEEN THE TwO ADJACENT ARRAY ELEMENTS
4.4d4=29m :DIAMETER OF THE PHASE ARRAY ANTENNA

S.THO= 10 Deg. : THE OFF CENTER ANGLE WHERE THE ANTENNA IS STEERED
BARTL

1. PHI=2%P1*(d/1)*SIN(THO)= 90922 rad OR 52.0945Deg. :PHASE OIFFERENCE EZTWEEN
TwO ARRAY ELEMENTS

PARTZ:

2.B.W=K*1/(N*d1*COS(THO))= 7.27746E-03 rad OR 416968 Deg. :BEAMWIDTH AT 10 Deg.
FOR THE SAME QUTPUT OF ARRAY ELEMENT
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10 PRINT : PRINT TAB(30) " PROBLEM *11 *

20 PRINT TAB(30); © ----------- )

30 GOSuUB 100: GOSUB 840

40 GOSUB 1210

S50  PRINT :PRINT " DO YOU WANT TO TRY AGAIN FOR DIFFERENT OR THE SAME DATA ?/N?"

60 INPUTD$

70 IFLEFTS$(D$,1)="Y" ORLEFT$(D$,1)="y"~ THEN 30
80 END

90 PA2AD AP AP A A0 40 A0 40 AP S AP 40 90 40 20 40 20 40 30 2040 3090 50 40 W40 0 42 %

100 INPUTS THE DATA

110 "SRRI AN 2202 A0 2 02

120  PRINT : PRINT " ENTER THE ANTENNA GAIN Ga IN dbi”

130 INPUT Ga: PRINT : PRINT 1. Ga=";Ga;"db"

140 PRINT : PRINT " ENTER THE PEAK POWER Pt IN Mw"

150  INPUT Pt:PRINT : PRINT = 2. Pt=";Pt;"Mw"

160 PRINT : PRINT " ENTER THE OPERATING FREQ. o IN MH2"

170 INPUT fo: PRINT : PRINT = 3. fo=";10;"MH2"

180 PRINT : PRINT  ENTER THE AMBIENT TEMPERATURE Te INKELVIN'
10 INPUT Ta:PRINT : PRINT * 4. Ta=";Ta;"KELVIN'

200 PRINT : PRINT " ENTER THE RECEIVER BANDWIDTH Bn IN MHz"
210 INPUT Bn: PRINT : PRINT * 5. Bn=";Bn;"MHz2"

220 PRINT : PRINT * ENTER THE TARGET RADAR CROSS SECTION 5 IN sqm”
230  INPUT S:PRINT : PRINT * 6.5=";5;"sq.m"

240 PRINT : PRINT * ENTER THE RECEIVER NOISE FIGURE F IN db”

250 INPUT F: PRINT : PRINT * 7. F=";F;"db"

260 PRINT : PRINT "ENTER THE PRF fp INHZ"

270 INPUT fp: PRINT : PRINT * 8. fp=",fp;"Hz"

280 PRINT : PRINT “ ENTER THE PULSE LENGTH t IN microsec.”

290 INPUT t: PRINT : PRINT * 9. t=";t;"microsec.”

300 PRINT : PRINT " ENTER THE INTEGRATION IMR. FACTOR I1{n) IN db"
310 INPUT H: PRINT : PRINT * 10. 1i{n)=";11;"db"

320 PRINT : PRINT " ENTER THE PROBABILITY OF DETECT ION Pd”

330  INPUT Pd: PRINT : PRINT * (1. Pd=";Pd

330 PRINT : PRINT * ENTER THE FALSE ALARM RATE Pfa”

350 INPUT Pfe: PRINT : PRINT - 12. Pfa=";Pfa
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360
370
380
380
400
410
420
430

450
460
470
480
480
S00
510
520
330
540
550
560
370
580
590
600
610
620
630
640
650
660
670
680
690
700

PRINT : PRINT ° ENTER THE SYSTEM LOSSES Ls IN db”

INPUT Ls: PRINT : PRINT ~ 13. Ls=";Ls;"db"

PRINT : PRINT “ ISTHE INPUT DATA CORRECT Y/N?"

INPUT A$

IFLEFTS$(AS,1)="Y" ORLEFT$(AS$,1)="y" THEN 820

PRINT : PRINT " WHAT OF THE FOLLOWING DO YOU WANT TO CHANGE?"

PRINT : PRINT * 1. THE ANTENNA GAIN?"," 2. THE PEAK POWER?"

PRINT : PRINT ° 3. THE OPERATING FREQ.?",” 4. THE AMBIENT TEMPERATURE?"
PRINT : PRINT *5. THE RECEIVER BANDWIDTH?",” 6. THE TARGET CROSS SECTION?"
PRINT : PRINT " 7. THE RECEIVER NOISE FIGURE?",”8. THE P.R.F?”

PRINT : PRINT " 9. THE PULSE LENGTH?",” 10. THE INTEGRATICON IMR. FACTOR?"
PRINT :PRINT ° 1 1. THE PROBABILITY OF DETECTION?",” 12. THE FALSE ALARM RATE?"
PRINT : PRINT " 13. THE SYSTEM LOSSES?"

INPUT C$

IFC$="1" THENPRINT :PRINT "ENTER THE ANTENNA GAIN Ga IN dbt™

IFC$="1" THEN INPUT Ga:PRINT : PRINT ° 1. Ga=";Ge;"db": 6OTD 760

IFC$="2" THENPRINT : PRINT " ENTER THE PEAK POWER Pt IN Mw"

IFC$="2" THEN INPUT Pt: PRINT : PRINT = 2. Pt=";P{;"Mw": GOTD 760

IF C$="3" THEN PRINT : PRINT " ENTER THE OPERATING FREQ. fo IN MH2"

IF C$="3" THEN INPUT fo: PRINT : PRINT ° 3. fo=";f0;"MH2" : GOTD 760

IF C$="4" THENPRINT : PRINT " ENTER THE AMBIENT TEMPERATURE Ta IN KELVIN®
IFC$="4" THEN INPUT Ta:PRINT : PRINT " 4. Te=",Ta;"KELVIN": GOTD 760

IF C$="5" THEN PRINT : PRINT " ENTER THE RECEIVER BANDWIDTH Bn IN MH2"
IFC$="5" THEN INPUT Bn:PRINT : PRINT “ 5. Bn=";Bn;"MHz" : GOTO 760

IFC$="6" THEN PRINT : PRINT “ENTER THE T \RGET RADAR CROSS SECTION S INsq.m”
IFC$="6" THEN INPUT S:PRINT : PRINT " 6.5=";5;"sq.m": GOTO 760

IFC$="7" THEN PRINT : PRINT " ENTER THE RECEIVER NGISE FIGURE F IN db
IFC$="7" THEN INPUT F : PRINT : PRINT ~ 7. F=";F;"db": GOTO 760

IF C$="8" THENPRINT : PRINT "ENTER THEP.RF fp INHZ

IFC$="8" THEN INPUT fp: PRINT : PRINT " 8. fp=";1p;"Hz" : GOTO 760

IF C$="9" THEN PRINT : PRINT " ENTER THE PULSE LENGTH t IN microsec.”
IFC$="9" THEN INPUT t : PRINT : PRINT “ 9. t=";t;"microsec.”: GOTO 760
IFC$="10" THENPRINT : PRINT " ENTER THE INTEGRATION IMR. FACTOR !1(n) IN db"
IFC$="10" THENINPUT I1: PRINT : PRINT ~ 10. I1(n)=";11;"db" : GOTO 760
IFC$="11" THENPRINT : PRINT " ENTER THE PROBABILITY OF DETECTION Pg"
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710 IFC$="11" THEN INPUT Pd: PRINT : PRINT * t 1. Pd=",Pd: GOTO 760

720 |IFC$="12" THENPRINT : PRINT " ENTER THE FALSE ALARM RATE Pfe"

730 IFC$="12" THEN INPUT Pfa: PRINT : PRINT ~ 12.Pfa=";Pfa:GOTO 760

740 IFC$="13" THENPRINT : PRINT " ENTER THE SYSTEM LOSSES Ls IN db"

750 IFC$="13" THEN INPUT Ls: PRINT : PRINT * 13.L3=";Ls;"db": GOTO 760

760 PRINT:PRINT * ISEVERYTHING 0.K NOW?"

770 INPUT BS

780 IFLEFT$(BS,1)="Y" ORLEFT$(BS,1)="y" THEN GOTO 820

790 PRINT : PRINT ® WHAT DO YOU WANT TO CHANGE AGAIN?"

800 PRINT: PRINT “HIT ANY KEY IN YOUR KEYBOARD AND EVERYTHING WILL WORK FOR YOU
MALAKA"

B10 INPUTF$ :60TO410

820 RETURN

830 SAP 0SB 20 0 A0 A0 2030 4050 20 0 30 20 40 30 20 20 40 2020 50 40 20 40 20 2 20 9 20

B840 PRINTS THE INPUT DATA

850 SU A0 A0 A0 A0 20 40 4 A0 A0 S0 00 20 20 90 A0 90 4 A0 40 40 0 A 0 0 S S0

860 LPRINT :LPRINT TAB(30); " PROBLEM *11°

870 LPRINT TAB(30); " ---------—- :

880 LPRINT:LPRINT "GIVEN"

890 LPRINT “ -----mm-- -

900 PRINT:PRINT"GIVEN

910 PRINT " --------- )

920 PRINT : PRINT * 1. Ga=";Ga;"db" SPC(9); " : ANTENNA GAIN"

930 LPRINT :LPRINT " |. Ge=";Ga;"db" SPC(9); “: ANTENNA GAIN"

940 PRINT :PRINT “ 2. Pt="P{;"Mw" SPC(10); “: PEAK POWER"

950 LPRINT :LPRINT " 2. Pt=";Pt,"Mw" SPC(10); ": PEAK POWER"

960 PRINT : PRINT ° 3. f0=";f0;"MH2" SPC(7); “: OPERATING FREQ.”

970 LPRINT :LPRINT " 3. fo=";fo;"MH2" SPC(7); " : OPERATING FREQ."

980 PRINT :PRINT " 4.Ta=";Te,"KELVIN" SPC(S); “ : AMBIENT FREQ."

890 LPRINT:LPRINT "4 Te=";Ta;"KELVIN" SPC(5); " : AMBIENT FREQ.
1000 PRINT : PRINT ° S. Bn=";Bn;"MHz" SPC(Q); " : RECEIVER BANDWIDTH"
1010 LPRINT :LPRINT 5. Bn=";Bn;"MHz" SPC(9);" : RECEIVER BANDWIDTH"
1020 PRINT : PRINT 6. 5=";5;"sq.m" SPC(9); “: TARGET RADAR CROSS SECTION®
1030 LPRINT :LPRINT ° 6.5=",5,"30.m" 5PC(9); " : TARGET RADAR CROSSSECTICN"
1040 PRINT . PRINT " 7.F=",F,"db" SPC(10); *: RECEIVER NOISE FIGURE"
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1050 LPRINT : LPRINT * 7.F=",F;"db" SPC(10); “ : RECEIVER NOISE FIGURE"
1060 PRINT : PRINT " 8. fp=";fp;"H2" SPC(8);": P.RF"

1070 LPRINT :LPRINT " 8. fp=";1p;"H2" SPC(8); " : P.RF"

1080 PRINT :PRINT " 9.t=";t;"microsec.” SPC(4); ": PULSE LENGTH"

1090 LPRINT : LPRINT “ 9. 1=";t;"microsec.” SPC(4); ~: PULSE LENGTH"

1100 PRINT : PRINT = 10. 1i(n)=";11;"ddb" SPC(3); " : INTEGRATION IMR. FACTOR"
1110 LPRINT :LPRINT " 10.[1{n)=";11;"db" SPC(3); " : INTEGRATION IMR. FACTOR"
1120 PRINT :PRINT " 1 1. Pd=";Pd SPC(10);" : PROBABILITY OF DETECTION"
1130 LPRINT : LPRINT* 11.Pd=";Pd SPC(10);" : PROBABILITY OF DETECTION"
1140 PRINT:PRINT " 12. Pfa=";Pfa; ": FALSE ALARMRATE"

1150 LPRINT : LPRINT  12.Pfa=";Pfa;": FALSE ALARMRATE"

1160 PRINT : PRINT * 13.Ls=";Ls;"db" SPC(9); “ : SYSTEM LOSSES®

1180 LPRINT :LPRINT ° 13.Ls8=";Ls;"db" SPC(9); ": SYSTEM LOSSES"

1190 RETURN

1 200'D!*QQ!#*G***’***‘I*l*!l‘*ll*l*l*l*!

1210 * CALCULATION & PRINTOUT

1 220‘!*0*.4 APPSR WA A0 20 A0 A0 A0 30 3050 30 40 040 20 40 00 90 0 4
1230 PRINT : PRINT : PRINT " OUTPUT"

1240 PRINT = ------ :

1250 LPRINT :LPRINT : LPRINT " OUTPUT"

1260 LPRINT ™ ---=-- -

1270 LET C=3*10°8

1280 LET fo=fo*10"6

1290 LET 1=C/fo

1300 LETK=1.38*10"-23

1310 LET T=290

1320 LETPI=3.14159

1330 LET Pt=P1*10°6

1340 LET Bn=Bn*106

1350 LET M=.4342945*

1360 PRINT : PRINT “ FROM Fig. 2.7 (Skolnik Pg. 28) YOU CAN FIND THE (S/N) | SINCE YOU KNOW
1370 PRINT : PRINT " Pd=";Pd, "&","Pfa=";Pta
1380 PRINT :PRINT “ENTER THE (S/N)1 SN IN db”
1380 INPUT SN
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1400 LET Pt=10*M*LOG(PL) : 1=10*M*L0G(1) : S= 10*M*LOG(S)
1410 LETSUM1=Pt+2%Ga+2*1+11+5

1420 LET Bn=10*M*L0G(Bn)

1430 LET A=(4*P1)"3 : A=10*M*LOG(A)

1440 LET B=K*T : B=10*M*L0G(B)

1450 LET SUM2=A+B+Bn+F+SN+Ls

1460 LET Rmax=(SUM!-SUM2)/4 : Rmex=Rmax/ 10:Rmex=|0'Rmex
1470 PRINT :PRINT : PRINT “ Rmax=";CSNG(Rmax/ 1000);"Km"; * or";
CSNG(Rmax/(1000*1.85));"n. miles”;" :MAX.RADAR RANGE"

1480 LPRINT :LPRINT :LPRINT * Rmax=";CSNG(Rmax/ 1000); ‘Km"; " or";
CSNG(Rmax/(1000* | .85));" n.miles"; * :MAN. RADARRANGE"

1480 RETURN
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PROBLEM# 11
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R GiVEN

he 1.Go= 21db . ANTENNA GAIN

2.Pt= 2Mw : PEAK POWER

% \ 3.10=500MHz  : OPERATING FREQ.

I 4.Te= 62KELVIN : AMBIENT FREQ.

&"" 5.Bn= | MHz  :RECEIVER BANDWIDTH
6.5:5sqm  :TARGET RADARCROSS SECTION

e 7.F=10db : RECEIVER NOISE FIGURE

e 8.1p=300Hz  :PRF

9.t=3microsec. :PULSE LENGTH

o 10.11(n)= 16.5db : INTEGRATION IMR. FACTOR

e 1.Pd=.9 : PROBABILITY OF DETECTION
R 12.Pfa= .1E-12  :FALSE ALARMRATE
as¥ 13, L= 6 db . SYSTEM LOSSES

QUTPUT
Rmax= 123.481 Km or 66.7464 n. miles :MAX. RADAR RANGE
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* 10 PRINT : PRINT TAB(30) " PROBLEM #12~
. fé 20 PRINT TAB(30); * --—-----—-"
g 30 GOSUB 100 :GOSUB 1040 : GOSUB 1380 : GOSUB 1490

40 GOSUB 1690 : GOSUB 1840 : GOSUB 1950 : GOSUB 2110

3"}. SO PRINT : PRINT * DO YOU WANT TO TRY AGAIN FOR DIFFERENT OR THE SAME DATA Y/N7"
e 60  INPUTDS
] 70 IFLEFTS(DS,1)="v" ORLEFT$(DS, 1)="y" THEN 20
3 B0  END
‘_"’:‘: 90 SHRSP AL A0 40 200030 A0 A0 20 20 4090 400 00 030 3050 30 90 20 0 0 0 20
v 100 INPUTS THE DATA
':.:' 1 |° SHB AP0 0 20 40 40 20 90 30 30 00 20 30 30 30 30 00 30 90 90 90 20 30 30 90 90 3 30 44 20
y 120 PRINT : PRINT * ENTER THE OPERATING FREQ. fo INMHz"
400 130 INPUT fo: PRINT : PRINT * 1. fo=";10;"MHz"
Eai: 140  PRINT : PRINT  ENTER THE PEAK POWER Pt IN K"
Rol 150 INPUT Pt:PRINT : PRINT " 2. Pt=";Pt;"KW"

160 PRINT : PRINT " ENTER THE P.R.F fp INH2Z"
170 INPUT fp: PRINT : PRINT ° 3. fp=";fp;"HZ"

180 PRINT : PRINT * ENTER THE PULSE WIDTH t IN microsec.”

b 10  INPUT t:PRINT : PRINT " 4 t=";t:"microsec.”

200 PRINT : PRINT * ENTER THE ANTENNA SCAN RATE Wm IN Hz"

o 210 INPUT Wm: PRINT : PRINT * 5. Wm=";wm;"Hz"
f 220 PRINT : PRINT * ENTER THE AZIMUTH BEAMWIDTH A.B IN deg.”
230 INPUT AB: PRINT : PRINT * 6. AB=";A.B;"deg."
'. . 240  PRINT : PRINT " ENTER THE ANTENNA GAIN Ga IN db®
e 250  INPUT Ga: PRINT : PRINT * 7. Ga=";Ga;"db"
o 260  PRINT :PRINT * ENTER THE RECEIVER NOISE BANDWIDTH B IN MHz"
P 270 INPUT Bn: PRINT : PRINT * 8. Bn=",8n; MHz"
' 280 PRINT : PRINT “ ENTER THE RECEIVER NOISE FIGURE F IN db"
< 290  INPUT F : PRINT : PRINT " 9. F="F;"db"
3 300 PRINT : PRINT " ENTER THE SYSTEM LOSSES Ls IN db”
-

310 INPUT Ls:PRINT : PRINT " 10.Ls=";Ls;"db"

320 PRINT :PRINT “ENTER THE FALSE ALARM TIME Tfe IN days®

330 INPUT Tfa:PRINT : PRINT ° 1 1. Tfe=";T1a,"deys"

340 PRINT : PRINT " ENTER THE ANTENNA NOISE TEMPERATURE Ta IN KELVIN®
350 INPUT Ta:PRINT:PRINT " 12.Ta=";Ta;,"Kelvin"
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420
430

450
460
470
480
490
500
510
520
930
540
550
560
570
580
290
600
610
620
630
640
650
660
670
680
690
700
710
720
730
740
750
760

........

PRINT : PRINT " IS THE INPUT DATA CORRECT Y/N?"

INPUT A$

IFLEFT$(AS,1)="Y" OR LEFT$(A$,1)="y" THEN 1020
PRINT : PRINT * WHAT OF THE FOLLOWING DO YOU WANT TO CHAMGE?®
PRINT : PRINT * 1. THE OPERATING FREQ.?"

PRINT : PRINT " 2. THE PEAK POWER?"

PRINT : PRINT * 3. THE P.RF?"

PRINT : PRINT * 4. THE PULSE WIDTH?"

PRINT : PRINT ° 5. THE ANTENNA SCAN RATE?"

PRINT : PRINT * 6. THE AZIMUTH BEAMWIDTH?"

PRINT : PRINT * 7. THE ANTENNA GAIN?"

PRINT : PRINT * 8. THE RECEIVER NOISE BANDWIDTH?"
PRINT : PRINT “ 9. THE RECEIVER NOISE FIGURE?"

PRINT :PRINT " 10. THE SYSTEM LOSSES?"

PRINT : PRINT " 1 1. THE FALSE ALARM TIME?"

PRINT : PRINT * 12. THE ANTENNA NOISE TEMPERATURE?*

INPUT C$
IF C$="1"
IFC$="1"
IFC$="2"
IFC$="2"
IF C$="3"
IFC$="3"
IF C$="4"
IFC$="4"
IF C$="5"
IFC$="5"
IFC$="6"
IFC$="6"
IFC$="7"
IFCe-"7"
IF C$="8"
IFC$="8"
IFC3="9"
IFC$="9"

THEN PRINT : PRINT ° ENTER THE OPERATING FREQ. fo IN MH2"
THEN INPUT fo: PRINT : PRINT “ 1. fo=",f0;"MH2" : GOTD 820
THEN PRINT : PRINT " ENTER THE PEAK POWER Pt INKW"

THEN INPUT Pt: PRINT : PRINT © 2. Pt=";P{;"KW" : GOT0 820
THEN PRINT : PRINT “ENTER THE P.R.F fp INHZ"

THEN INPUT fp: PRINT : PRINT “ 3. fp=",fp;"H2": GOT0 820

THEN PRINT : PRINT " ENTER THE PULSE WIDTH t IN microsec.”
THEN INPUT t : PRINT : PRINT " 4. t=";1,"microsec.” : GOTD §20
THEN PRINT : PRINT " ENTER THE ANTENNA SCAN RATE wWm INH2"
THEN INPUT Wm : PRINT : PRINT “ 5. Wm=";Wm; H2": GOT0 820
THEN PRINT : PRINT " ENTER THE AZIMUTH BEAMWIDTH A.B IN deg.”
THEN INPUT A.B: PRINT : PRINT “ 6. A.B=",;A.B,"deg.” : GOTO 820
THEN PRINT : PRINT " ENTER THE ANTENNA GAINGo IN db”

THEN INDUT Ca : PRINT : PRINT ° 7.Cs8=",Cs;"d5": GOTC 82¢

THEN PRINT : PRINT * ENTER THE RECEIVER NOISE BANDWIDTH Bn IN MH2"
THEN INPUT Bn : PRINT : PRINT - 8. Bn=";8n,"MH2" : GOT0 820

THEN PRINT : PRINT " ENTER THE RECEIVER NOISE FIGURE F IN db”

THEN INPUT F : PRINT : PRINT " 9. F=";F;"db": GOT0D 820
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770 IFC$="10" THENPRINT : PRINT ° ENTER THE SYSTEMLOSSES Ls IN db”

780 IFC$="10" THEN INPUT Ls:PRINT : PRINT ° 10.Ls=";Ls;"db": GOTO 820

780 IFC$="11" THEN PRINT : PRINT " ENTER THE FALSE ALARM TIME Tfa IN days”

790 IF C$="11" THEN INPUT Tfa:PRINT :PRINT * 11.Tfe=";Tfe;"days": GOTQ 820

800 IFC$="12" THENPRINT : PRINT “ENTER THE ANTENNA NOISE TEMPERATURE T3 IN
KELVIN®

810 IFC$="12" THEN INPUT Ta:PRINT : PRINT " 12. Ta=",Te;"Kelvin": GOTO 820

820 PRINT : PRINT " IS EVERYTHING 0.K NOW?"

970 INPUTB$

980 IF LEFT$(BS,1)="Y" ORLEFT$(BS,1)="y" THEN GOTO 1020

990 PRINT : PRINT " WHAT DO YOU WANT TO CHANGE AGAIN?"

1000 PRINT . PRINT “HIT ANY KEY IN YOUR KEYBOARD AND EVERYTHING WILL WORK FOR YOU
MALAKA"

1010 INPUTF$ :GOTO 460

1020 RETURN

‘ 030 BB SBRBBR VBB RSB BB RBRRERB B R DR

1040 PRINTS THE INPUT DATA

] 050'QQQG!QQQQQQQQG*Q.O***.#QGQQQQIQD

1060 LPRINT : LPRINT TAB(30); " PROBLEM #12°

1070 LPRINT TAB(30);" --~---=------ °

1080 LPRINT:LPRINT"GIVEN

1090 LPRINT " --------- :

1100 PRINT:PRINT "GIVEN"

1110 PRINT ®--------- -

1120 PRINT : PRINT " 1. f0=";f0,"MHZ" SPC(7), ": OPERATING FREQ."
1130 LPRINT :LPRINT ° {.fo=";f0;"MHz" SPC(7); ": OPERATING FREQ."
1140 PRINT: PRINT * 2. Pt=";Pt;"KW" SPC(9); ": PEAK POWER"
1150 LPRINT : LPRINT ° 2. Pt=";P{;"KW" SPC(9); " : PEAK POWER"
1160 PRINT : PRINT ° 3. 1p=";1p;"H2" SPC(9) " : PR.F*

1170 LPRINT:LPRINT ° 3.1p=";1p;"H2" SPC(9) " :P.RF"

11RO PRINT - PRINT " 4 ¢-";t.“microsec” EDCLA). “ . PILIL GE WIDTH"

L2214

1190 LPRINT :LPRINT " 4. t=";t;"microsec” SPC(d);": PULSE WIDTH"

1200 PRINT : PRINT °S. Wm=",Wm;Hz" SPC(10);" : ANTENNA SCAN RATE"
1210 LPRINT LPRINT " S.Wm=",wm;"Hz" SPC(10);": ANTENNA SCAN RATE"
1220 PRINT .PRINT “6.AB=";A.B;"deg.” SPC(6); ": AZIMUTH BEAMWIOTH"

VRN
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1230 LPRINT :LPRINT “6. A.B=";A.B;"deg.” SPC(6); " : AZIMUTHBEAMWIDTH"

1240 PRINT:PRINT ° 7. Ge=";Ga;"db" SPC(10); “: ANTENNA GAIN"

1250 LPRINT : LPRINT °7.Ge=";Ga;"db" SPC(10); *: ANTENNA GAIN"

1260 PRINT :PRINT " 8. Bn=";Bn;"MHZ"SPC(10); “ :RECEIVER NOISE BANDWIDTH"
1270 LPRINT:LPRINT " 8. Bn=";8n;"MHZ" SPC(10), " : RECEIVER NOISE BAMDWIDTH"
1280 PRINT : PRINT ~9.F=";F;"db"; SPC(9); " : RECEIVER NOISE FIGURE"

1290 LPRINT : LPRINT " 9.F=";F;"db"; SPC(8); " : RECEIVER NOISE FIGURE"

1300 PRINT : PRINT = 10.Ls=";Ls;"db" SPC(10); ": SYSTEM LOSSES"

1310 LPRINT : LPRINT ° 10.Ls=";Ls;"db" SPC(10); “: SYSTEM LOSSES"

1320 PRINT :PRINT " 11.Tfe="Tfa SPC(11);":FALSE ALARM TIME"

1330 LPRINT :LPRINT " 11.Tfa=";Tfa SPC(11);": FALSE ALARMTIME"

1340 PRINT:PRINT " 12.To=";To;"Kelvin" SPC(S); “: ANTENNA NOISE TEMPERATURE"

1350 LPRINT:LPRINT ° 12.Te=",Ta;"Kelvin" SPC(5); “: ANTENNA NOISE TEMPERATURE"

1360 RETURN

T I T 5040 3020 2040 3050 3020 5000 30 50 5090 3630 S8 50 50 2000 40 90 3030 90 48 20 50 90 38 4

1380 ° CALCULATION & PRINTOUT FOR PART a:

' 390‘**’*Q*****************‘.*****ﬁ******
1400 PRINT : PRINT : PRINT " PART &:"

1410 PRINT * ----v—- -

1420 LPRINT :LPRINT : LPRINT " PART o"

1430 LPRINT *~------ -

1440 LET T3=60/Wm:n=CSNG(A.B*Ts*fp/360)

1450 PRINT : PRINT “n=";n; *: * OF HITS PER SCAN"
1460 LPRINT : LPRINT " n=";n; " : *# OF HITS PER SCAN"
1470 RETURN

] 480'!*’*."*’!!! 5090 50 50 5090 3030 40 50 30 3 20 38 5038 W 3 28 40 % W

1490 * CALCULATION & PRINTOUT FOR PART b:

] 500'.0....“.‘.l.‘.l.“l”l.'CCO‘..O.G'.

1510 PRINT : PRINT : PRINT * PART b:"

1520 PRINT * ------- -

1530 LPRINT :LPRINT : LPRINT * PART b:"

1540 LPRINT *-------

1550 LETTre=T14*24*3600:Bn=Bn*10'6:Pra=CSNG(1/(Tfa*Bn))
1560 PRINT -PRINT - ENTERTHE PROBABILITY OF DETECTION Pd"
1570 INPUT Pd
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1380 PRINT : PRINT * FROM FIG. 2.7 (Skoinik Pg. 28) YOU CAN FIND THE (S/N)1 SINCE THE -
1590 PRINT :PRINT " Pfe=";Pfe,"&","Pd=";Pd

1600 INPUT SN

1610 PRINT : PRINT ~ 8. Pd=";Pd;" : PROBABILITY OF DETECTION"

1620 PRINT: PRINT " b. PTa=";Pfa; " :PROBABILITY OF FALSE ALARM"

1630 PRINT : PRINT " c. (S/N)1=";5N;"db";": (5/N) FOR SINGLE PULSE"

1640 LPRINT :LPRINT " a. Pd=";Pd;" : PROBABILITY OF DETECT ION"

1650 LPRINT : LPRINT “b. Pfe=";Pfo;": PROBABILITY OF FALSE ALARM"

1660 LPRINT : LPRINT “c. (S/N)1=";5N;"db"; “: (S/N) FOR SINGLE PULSE"

1670 RETURN

1 680""*’*.*** S090 5030 3030 3090 3090 050 40 30 90 90 30 3 40 38 22 R

1690 ' CALCULATION & PRINTOUT FOR PART c:
‘| 700‘QQ!Q.QQC.’Q&.**QQQ’!&QQ*GQQ*#**Q&**

1710 PRINT : PRINT : PRINT “PART ¢

1720 PRINT ° -------"

1730 LPRINT :LPRINT : LPRINT “ PART ¢:"

1740 LPRINT *~------ -

1750 PRINT : PRINT “FROM F1g. 2.8(s), (Skolnik Pg.31) YOU CAN FIND THE INTEGRATION
IMROVEMENT"

1760 PRINT :PRINT " FOR INCOHERENT INTEGRATION OF n=";"n";"PULSES"
1770 PRINT : PRINT ° ENTER THE INTEGRATION IMR. 11(n)"

1780 INPUT i

1790 111=CSNG(10*.4342945#*L0G(I1))

1800 PRINT : PRINT = 1i{n)=";!1;"numeric";" or";111;,"db"

1810 LPRINT :LPRINT “ 11(n)=";11;"numeric":* or;111;"db"

1820 RETURN

18T 5405090 303050 20 2040 5020 330 0090 30 30 3090 90 30 440 9090 20 30 20 40 98 38 0 44 %

1840 ' CALCULATION & PRINTOUT FOR PART d:

1 050'.!l*.l**’QQQli'*.i’!ii.i.i’*'ﬁ**l*‘

1860 PRINT : PRINT : PRINT ° PART 0"

1R70 PRINT ° oo .

1860 LPRINT : LPRINT : LPRINT ° PART ¢:°

1881 LPRINT *------- -

1890 LETK=1.38%10"-23 T0-290:F=F/10:F=10°F

1900 LETMDS=K*TN*F *Bn-MDS 1-CONR( 1N* 4342945 % *LOG(MDS))




1910 PRINT :PRINT “M.0.5="MDS 1;"ddw"; “: MINIMUM DETECT ABLE SIGNAL POWER"
1920 LPRINT :LPRINT "M.D.5=";MDS1;"dbw"; " : MINIMUMDETECT ABLE SIGNAL POWER"
1930 RETURN

1gdom.".““‘.lﬁ‘.l.l.0..0.0‘.0"."!&.0

1950 * CALCULATION & PRINTOUT FOR PART e & 1:
]9601!!llll!l.'.IIIQ.!.QQ!’!QC’QQCQQQQQ

1870 PRINT : PRINT : PRINT “PART o & ("

1980 PRINT °-----------"

1990 LPRINT : LPRINT :LPRINT “PART e & 1"

1991 LPRINT " -----------"

2000 LET Pt=Pt*10°3:Pt1=CINT(10*.4342945#*L0G(Pt))

2010 LET Peff=Pt1+Ga

2020 LET P1=3.14159: Ga=6o/10:6e=10Ga

2030 LET C=3*10'8:10=10*10"6:1=C/f0

2040 LET Ae=CSNG(1°2%Ga/(4*P1))

2050. PRINT : PRINT "e. Peff=";Peff;"dbw"; " : PEAK EFFECTIVE RADIATED POWER"
2060 PRINT:PRINT " 1. Ae=";Ae;"sq.m"; “ :EEFFECTIVE AREA OF THE ANTENNA °
2070 LPRINT:LPRINT “e. Peff=";Peff;"dbw"; " : PEAK EFFECTIVE RADIATED POWER"
2080 LPRINT :LPRINT “f. A¢=";A9;°sq.m"; *: EEFFECTIVE AREA OF THE ANTENNA "
2050 RETURN

2'00Iﬂ!Q’*Ql.***QQQQQQ’CQ’QQ’GQQ’QQ!Q!Q

2110 " CALCULATION & PRINTOUT FOR PART g:
2|30**!*”!’lii’l!*’ﬂ’!Q!Q*OQ’!Q{O*GQ.!Q

2140 PRINT :PRINT : PRINT " PART ¢~

2150 PRINT “ ------- -

2160 LPRINT :LPRINT :LPRINT " PART g:*

2161 LPRINT "—-—---- -

2170 PRINT : PRINT "ENTER THE CROSS SECTION OF THE NON FLUCTUATING TARGET RCS IN db”
2180 INPUT RCS

210N ICTIa_laltA.la
- IV [}

-4
ol eI’ 1V LD~ [ ™

0ls:
2200 LET SN=GN/10:SN=10SN
221(LETRmax=CSNG((Pt*Ga*Ae*RCS*!1/((4*PI)2#K*(Ta+Te)*Bn*SN*Ls)){1/4))
2220 PRINT: PRINT °“ Rmax=";Rmax/ 1000;"KM";  : MAXIMUM RANGE"

2230 LPRINT:LPRINT " Rmax=";Rmax/1000;"KM"; " :MAXIMUM RANGE"

2240 RETURN
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PROBLEM®12

GIVEN
1. fo= S600 MHz  : OPERATING FREQ.
2. Pt= 200 KW : PEAK POWER

3.17p= 625 Hz2 :PRF

4.1= 1.4microgsec :PULSE WIDTH

S. Wm= 16 Hz : ANTENNA SCAN RATE

6. A.B= 1.5 deg. :AZIMUTH BEAMWIDTH
7.68=334db : ANTENNA GAIN

8.Bn= 1| MHZ :RECEIVER NOISE BANDWIDTH
9.F=9.68 db : RECEIVER NOISE FIGURE
10.Ls=5db : SYSTEM LOSSES

11.Tfa= 2 : FALSE ALARM TIME

12.Ta=75 Kelvin  : ANTENNA NOISE TEMPERATURE

PART &:
n=9.76563 :* OF HITS PER SCAN

R

ART b

8.Pd= .9 : PROBABILITY OF DETECTICON
D.P1a=5.78704D-12 :PROBABILITY OF FALSE ALARNM
¢.(S/N)i=16db : (S5/N) FOR SINGLE PULSE

3

ART C:
11{n)= 7 numeric or 8.45098 db

R}

ART ¢

M.D.5=-134.097 dbw :MINIMUMDETECTABLE SIGNAL POWER

PART &

2. Peff= 86 abw :PEAK EFFECTIVE RADIATED POWER
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PART g

Rmax=36.5283 KM: MAXIMUMRANGE
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10
20
30
40
50
80
70
80
90
100
110
120
130
140
150
160
170
180
190
200
db*
210
220
230
240
250
260
270
280

PRINT : PRINT TAB(30); * PROBLEM #13*
PRINT TAB(30); ~ ---~=------- .
busuB 100 :GOSUB 710 :GOSUB 990
GOSUB 1110 : GOSUB 1240 : GOSUB 1350
PRINT : PRINT * DO YOU WANT TO TRY AGAIN FOR DIFFERENT OR THE SAME DATA v/N?"
INPUT D$
IF LEFT$(D$,1)="Y" ORLEFT$(D$,1)="y" THEN 30
END

S309040 30 50 00 40 50 00 30 4000 00 40 4430 5130 46 30 50 90 50 40 3040 3040 3640 2 90

INPUTS THE DATA
SRR 20 A0 20 S0 20 20 30 26 30 20 20 S0 S0 A 40 20 2090 30 30 20 I 90 0 0 20 0 20
PRINT : PRINT * ENTER THE OPERAT ING FREQ. fo IN GHz"
INPUT fo: PRINT : PRINT * 1. fo=";f0;"GHz"
PRINT : PRINT “ENTER THE RADAR CROSS SECTION OF THE VEHICLES RCS iN dbsm”
INPUT RCS : PRINT : PRINT ~ 2, RCS=",RCS; dbsm"
PRINT : PRINT * ENTER THE TRAVELING SPEED OF THE VEHICLES U IN mi/hrs”
INPUT U : PRINT : PRINT * 3, U="U;"m1/hrs"
PRINT : PRINT * ENTER THE RANGE THE RADAR WILL DETECT THE VEHICLES R IN MILES™
INPUT R: PRINT : PRINT 4. R=";R;"mil0s"
PRINT : PRINT * ENTER THE (S/N) REQUIRED AT THE OUTPUT OF THE IF AMPLIFIER SNout IN

INPUT SNout : PRINT : PRINT ° 5. (5/N)out=";5Nout,;"db"

PRINT : PRINT " ENTER THE RECEIVER NOISE FIGURE F INdb”

INPUT F . PRINT : PRINT " 6.F=";F;"db"

PRINT : PRINT “ ENTER THE PLUMBING LOSSES Lp IN db”

INPUT Lp : PRINT : PRINT = 7. Lp=",Lp;"db"

PRINT : PRINT " ENTER THE NOISE TEMPERATURE OF THE RECEIVER Ta IN KELVIN®
INPUT To: PRINT : PRINT ~ 8. Te=",Ta;"Kelvin"

PRINT : PRINT " ENTER THE GAIN Gt OF THE TRANSMIT ANTENNA & Gr OF THE RECEIVE

ANTENNA INdb®

290
300
310
320
330

INPUT Gr,Gt : PRINT : PRINT " 9. Gt=";6t, "Gr=";Gr;"db"

PRINT : PRINT * {S THE INPUT DAT A CORRECT Y/N?"

INPUT A$

IFLEFT3(AS,1)="Y" ORLEFT$(AS,1)="y" THEN 690

PRINT : PRINT " WHAT OF THE FOLLOWING DG YOU WANT TO CHANGE?"
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340 PRINT :PRINT ° 1. THE OPERATING FREQ.?"

350 PRINT:PRINT - 2. THE VEHICLES RADAR CROSSS SECTION?"

360 PRINT :PRINT “ 3. THE VELOCITY OF THE VEHICLES?"

370 PRINT : PRINT “ 4. THE RANGE OF THE VEHICLES?"

380 PRINT:PRINT S THE (S/N) AT THE OUTPUT OF THE RECEIVER?"
350 PRINT :PRINT " 6. THE RECEIVER NOISE FIGURE?"

400 PRINT : PRINT * 7. THE PLUMBING LOSSES?"

410 PRINT : PRINT ° 8. THE AMIENT TEMPERATURE?"

420 PRINT :PRINT ° 9. THE GAIN OF THE TRNSMIT & RECEIVE ANTENNA?"

430 INPUTCS

440 (FC$="1"

450 IFC$="1"

460 FC$="2"
INdbsm”

470 (FC3$="2"

480 IFC$="T"
mi/hrs*

490 [IFC$="3"

S00 IF C$="4"

THENPRINT : PRINT " ENTER THE OPERATING FREQ. fo IN GHz"
THEN INPUT fo: PRINT : PRINT © 1. fo=";f0;"GH2" : GOT0 620
THEN PRINT : PRINT " ENTER THE RADAR CROSS SECTICN OF THE YEHICLES RCS

THEN INPUT RCS : PRINT : PRINT " 2. RCS=";RCS;"dbsm": GOTO 620
THEN PRINT : PRINT " ENTER THE TRAVELING SPEED OF THE VEHICLES U IN

THEN INPUT U: PRINT : PRINT ° 3. U=",U;"mi/hrs": GOT0 620
THEN PRINT : PRINT “ ENTER THE RANGE THE RADAR WILL DETECT THE

VEHICLESR INMILES®

510 IFC$="4"
520 |IFC$="5"

THEN INPUT R : PRINT : PRINT * 4. R=";R;"miles”: GOTO 620
THEN PRINT : PRINT “ ENTER THE (S/N) REQUIRED AT THE CUTPUT OF THE IF

AMPLIFIER SNout INdb*

530 IFC$="5"
5S40 IFC$="6"
550 IFC$="6"
560 IFC$="7"
570 IFC$="7"
580 |IFC$="8"
KELVIN®
590 |IFC$="8"
600 IFC$-="9"

THEN INPUT SNout : PRINT : PRINT * 5.(S/N)out=";SNout;"db" : 60T0 620
THEN PRINT : PRINT * ENTER THE RECEIVER NOISE FIGURE F IN db”

THEN INPUT F : PRINT : PRINT " 6. F=";F;"db": GOT0 620

THEN PRINT : PRINT " ENTER THE PLUMBING LOSSES Lp INdb”

THEN INPUT Lp : PRINT : PRINT * 7. Lp=";Lp;"db" : GOTD 620

THEN PRINT : PRINT ° ENTER THE NOISE TEMPERATURE OF THE RECEIVER Te IN

THEN INPUT Ta: PRINT : PRINT " 8. Ta=";Ta;"Kelvin": GOTO 620
THEN PRINT : PRINT " ENTER THE GAIN Gt OF THE TRANSMIT ANTENNA & Gr OF

THERECEIVE ANTENNA INdD”

610 IFC$="9"

THEN INPUT Gr,Gt : PRINT : PRINT " 9.6t=",Gt, "Gr=",Gr;"db" . GOTO 620

620 PRINT :PRINT " IS EVERYTHING 0.K NOW?"
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630 INPUTBS

640 IF LEFT$(BS,1)="Y" OR LEFT$(B$,1)="y" THENGOTD 690

650 PRINT : PRINT “ WHAT DO YOU WANT TO CHANGE AGAIN?"

570 PRINT:PRINT “HIT ANY KEY IN YOUR KEYBOARD AND EVERYTHING WILL WORIKC FOR %0U
MALAKA®

680 INPUTF$ :60TO0340

680 RETURN

700 k2222212 222222ttt ity e gt g

710 * PRINTS THE INPUT DATA

720 SO0 40400020 9090 40 30 20 30 40 20 40 2090 90 40 90 90 20 30 30 30 90 40 20 40 S0 40 20 44

730 LPRINT : LPRINT TAB(30); " PROBLEM #13°

740 LPRINT TAB(30); " ----------- .

750 LPRINT:LPRINT “GIVEN"

760 LPRINT *--------- -

770 PRINT:PRINT“GIVEN

780 PRINT " --------- -

790 PRINT :PRINT* 1. fo="f0;"GH2" SPC(10); *: OPERATING FREQ."

800 LPRINT :LPRINT ~ 1. fo=";0;"GHz" SPC(10); " : OPERATING FREQ."

810 PRINT :PRINT * 2.RCS=";RCS; dbsm" SPC(9); " : VEHICLES RADAR CROSS SECTION"

820 LPRINT: LPRINT  2.RCS=",RCS;"dbsm" SPC(9); * : VEHICLES RADAR CROSS SECTION"

B30 PRINT :PRINT 3. U=";U;"m1/hrs” SPC(7); " : VEHICLES'S TRAVELING VELOCITY"

840 LPRINT: LPRINT * 3.U=";U;'mi/hrs” SPC(7); *: VEHICLES'S TRAVELING VELOCITY"

850 PRINT : PRINT * 4. R=",R;'miles" SPC(9); * : RADAR-VEHICLE RANGE"

B60 LPRINT :LPRINT “ 4 R=";R;'miles" SPC(9); " :RADAR-VEHICLE RANGE"

870 PRINT: PRINT - 5.(S/N)out=";SNout;"db" SPC(S); * : SIGNAL-TO-NOISE RATIO AT THE
OUTPUT OF THERECEIVER"

B80 LPRINT:LPRINT ° 5.(5/N)out=";5Nout;"db" SPC(S); " :SIGNAL-TO-NOISE RATIQ AT THE
OUTPUT OF THERECEIVER™

890 PRINT :PRINT " 6.F="F;"db" SPC(10); " : RECEIVER NOISE FIGURE"

900 LPRINT : LPRINT * 6.F="F;db" SPC( 10); " :RECEIVER NOISE FIGURE"

910  PRINT : PRINT * 7.Lp=",Lp;"db" SPC(12); * : PLUMBING LOSSES"

920 LPRINT : LPRINT " 7.Lp=",Lp:"db" SPC(12); " : PLUMBING LOSSES"

930 PRINT :PRINT * 8. To=";Ta;"Kelvin" SPC(6);" : AMBIENT TEMPERATURE"

340 LPRINT :LPRINT *8.Ta="Ta; Kelvin" SPC(6); " : AMBIENT TEMPERATURE"

950 PRINT :PRINT *9.Gt="6t; * Gr=",6r;" db" SPC(1); ": TRANSMIT & RECEIVE ANTENNAS
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960 LPRINT:LPRINT "9.Gt=",6t; " Gr=",6r;" db” SPC(1); " : TRANSMIT & RECEIVE ANTENNAS
GAIN”

970 RETURN

gao TR0 AR NS0 SR A0S0 S0 A0 S0 AL 50 A0 400 M40 S AL A A0 02 %

890 " CALCULATION& PRINTQUT OF PART e:

TG00 5483043090 5090 398 3038 309 3030 3036 40 4030 H 90 430 39090 490 4 20 0

1010 PRINT : PRINT : PRINT " PART o:"

1020 PRINT © -====-=:

1030 LPRINT :LPRINT : LPRINT " PART &:"

1040 LPRINT ° ------- :

1050 LET fo=fo*10°9 :U=U*.447 :R=R*1610 :C=3*10°6

1060 LET fd=2*u*f0/C : B=CINT(2*1d)

1070 PRINT:PRINT "B=";B/1000;"KH2"; ": RECEIVER BANDWIDTH"
1080 LPRINT:LPRINT “B=";8/1000;"KH2";" :RECEIVER BANDWIDTH"
1090 RETURN

1 ' 00"*Q*l’*Q’**Q.l.ﬂ******.*’*’*’ﬂ’*’**

1110 * CALCULATION & PRINTOUT OF PART b:

] |20'**l&l!*il***!!!**!!*’*'*l*il'*****i

1130 PRINT : PRINT : PRINT * PART b:*

1140 PRINT *------- :

1150 LPRINT :LPRINT : LPRINT " PART b:"

1160 LPRINT = =-===-- :

1170 LETK=1.38%10"-23 : T0=290 : F=F/10 : F=10°F : Te=(F-1)*T0
1180 LET SNout=SNout/ 10 :SNout=10"SNout

1190 LET Sinp=K*(Ta+Te)*B*SNout : SInp=CINT( 10*.4342945**L0G(51np)+(Lp/2)+30)
1200 PRINT : PRINT “Sinp=";Sinp; dom"; : RECEIVER INPUT SIGNAL POWER"
1210 LPRINT: LPRINT “Sinp=";Sinp;"dbm"; *: RECEIVER INPUT SIGNAL POWER"
1220 RETURN '

] 230'!*!!*!!’**!*.*l*’*&l”’ii!**lﬁ.ﬂ.*’

1240 * CALCULATION & PRINTOUT OF PART c:

1 25(_\"lI*.*!&QIQ‘I!l**.ll*l"ﬁi**l!!illii
1260 PRINT . PRINT : PRINT * PART ¢:*

1270 PRINT *------- .-

1280 LPRINT :LPRINT : LPRINT " PART c:"
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1290 LPRINT = ------- : o |
1300 LET1=C/f0 :P1=3.14159 :LbT=CSNG(10*.4342945%#2*L 0G(4*PI1*R/1))

1310 PRINT : PRINT “Lbf=";Lbf;"db"; * : ONE WAY FREE SPACELOSSES FOR TARGET VEHICLES AT
ARANGER=";R/1610;"miles"

1320 LPRINT :LPRINT " LDf=",LDT;"db"; " : ONE WAY FREE SPACE LOSSES FOR TARGET VEHICLES
ATARANGER=";R/1610;"miles"

1330 RETURN

1 340'.0..’!..!'.‘.‘.GDGOCOCOIQ..C.C.GQCG

1350 * CALCULATION & PRINTOUT OF PART d:

1 D500 3090 300000400000 0040 0090 41400040 0030 41004040 3090 400 3040 4040 400 20 20 0

1370 PRINT : PRINT : PRINT ° PART ¢:"

1380 PRINT * -------:

1390 LPRINT :LPRINT : LPRINT ° PART d.°

1400 LPRINT * ------- :

1410 LET RCS=RCS/ 10 :RCS=10"-RCS : G3=10*.4342945**L0G(4*P|*RCS/1°2)
1420 LET Pt=CSNG(S1np-Gs+(2%Lbf-GL-Gr)+(Lp/2))

1430 PRINT:PRINT " Pt=",, -“dbm";":TRANSMITTER OUTPUT POWER"
1440 LPRINT: LPRINT “Pt=";Pt;"dbm"; " : TRANSMITTER OUTPUT POWER"
1450 RETURN
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PROBLEM® 13

GIVEN
1. fo= 10 GHz : OPERATING FREQ.

2. RCS=0dbsm : VEHICLES RADAR CROSS SECTION
3.U=100mi/hrs  :VEHICLES'S TRAVELING VELOCITY

4. R=.5 miles :RADAR-VEHICLE RANGE

S5.(5/N)out= 1Sdb :SIGNAL-TD-NOISE RATIO AT THE OUTPUT OF THE RECEIVER
6.F=7.25db . RECEIVER NOISE FIGURE

T.Lp=24db : PLUMBING LOSSES

8.Te= 300 Kelvin  : AMBIENT TEMPERATURE
9.6t= 20 Gr=20 db : TRANSMIT & RECEIVE ANTENNAS GAIN

Peﬂ ﬂ.
B=5.96 KHz: RECEIVER BANDWIDTH

PART b:
Sinp=-1 13 dbm: RECEIVER INPUT SIGNAL POWER

PART c:
LDr= 110,558 db : ONE WAYFREE SPACE LOSSES FOR TARGET VEHICLES AT A RANGE R= .S miles

3

PART d:
Ptz 27.6653 dbm: TRANSMITTER OUTPUT POWER
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20
30

50
60
70
80

100
tio
120
130
140
150
160
170
180
190
200
230
240
250
260
270
280
290
300
310
320
330

350
360
370

PRINT : PRINT TAB(30); * PROBLEM # 14"
PRINT TAB(30); ® =~==-==—=='

LPRINT : LPRINT TAB(30); ~ PROBLEM *14°

LPRINT TAB(30); * ~-------=-- .

PRINT : PRINT * ENTER THE OPERAT ING FREQ. 0 IN GHz"

INPUT fo: PRINT : PRINT * 1. fo=";f0;"GHz"

PRINT : PRINT ~ ENTER THE * OF THE STAGGER PERIODS

INPUT n: PRINT : PRINT * 2.n=";n
PRINT : PRINT “ ENTER THE STAGGER PERIODS n1,n2,n3,nd"

INPUT n1,n2,n3,n4: PRINT : PRINT * 3.T1:T2:T3:T4=";n1""n2""n3""nd
PRINT : PRINT * ENTER THE TIME AVERAGE Tavg IN sec.”

INPUT Tavg: PRINT : PRINT “ 4. Tavg=";Tavg;"sec.”

PRINT : PRINT : PRINT “ 6 | V EN"

LPRINT : LPRINT : LPRINT “GI VEN"

LPRINT * ---—----"

LPRINT : LPRINT * 1. fo=";f0;"GHz" SPC{10); " : OPERATING FREQ."

LPRINT : LPRINT " 2.n=";n SPC(14); " : * OF STAGGER PERIODS"

LPRINT:LPRINT "3.T1.T2T3.T4="n1":"n2""n3"."nd4; " . RAT (0 OF STAGGER PERIODS"
LPRINT :LPRINT " 4. Tavg="Tav3;"e2c."; " : TIME AVERAGE™

PRINT : PRINT * 1. fo=";f0;"6Hz" SPC(10); " : OPERATING FREQ."

PRINT : PRINT ~ 2.n=";n SPC(10); " : # OF STAGGER PERIODS"

PRINT : PRINT " 3. TI.T2.T3:T4=";n l':‘n2‘:'n2‘:“n3':'n4; ":RATIO QF STAGGER PERIODS”
PRINT : PRINT " 4. Tavg=";Tovg; sec.”; “: TIME AVERAGE"

PRINT : PRINT : PRINT ° PART &8:°

PRINT © --===--"

LPRINT : LPRINT : LPRINT ° PART a."

LPRINT * ===

LET SUM=n1+n2+n3+nd

LET T1=n*n1/SUM*Tavg :T2=n*n2/SUM*Tavg:T3=n*n3/SUM*Tavg:

LET T4=n*nd/SUM*Tavg
LET T1=CSNG(T 1#10%6): T2=CSNG(T2*10°6) : T3=CSNG(T3* 10°6): T4=CSNG(T4*10°6)
PRINT :PRINT " 1. T1="T1,"microsec.”,” 2.T2="T2;"microsec.”

PRINT . PRINT " 3.T3="T3;,"microsec.”,” 4. T4="T4;"microsec.”

LPRINT :LPRINT " 1.T1=",T1,"microsec.”,” 2.T2=",T2;"microsec.”
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e 380 LPRINT :LPRINT =3.T3=";T3; microsec.”,” 4. T4=",T4;"microsec.”
N, 350  PRINT : PRINT : PRINT ° PART b:°
! {f 400  PRINT " ------- -
N 410  LPRINT : LPRINT : LPRINT * PART b:"
o 420  LPRINT " -------"
e
R 430 LET C=3*10'8:fo=10*10'9: 1=C/10

Eﬁ 440 LETUIbI=1*(1/Tavg)*(1/1.02)*(SUM/n)

:‘-%" 450  PRINT : PRINT ~ U1bi=",CINT(U tb1);"Knots"; : FIRST BLIND SPEED"
v 460 LPRINT :LPRINT - U1b1=";CINT(U1b1);"Knots"; " : FIRST BLIND SPEED"
J‘: 470  PRINT : PRINT DO YOU WANT TO TRY AGAIN WORKER Y/N?*

3 480  INPUT A$

y 490 IF LEFT$(AS,1)="Y" ORLEFT$(AS,1)="y" THENSO

S 500 END
e
-\
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PROBLEM# 14

GIVEN
1.fo= | GH2 : OPERATING FREQ.

2.n=4 :* OF STAGGER PERIODS
3.T1:T2T3.T4=25:30:30:27: 31 :RATIO OF STAGGER PERIODS
4.Tevg=.001 sec. :TIME AVERAGE

PART &;
1. T1=-884.956 microsec. 2.T2- 1061.95 microsec.

3.T3-G55.752microsec. 4.T4- 1097.35 microsec.

PART b:
U1bl=8308Knots
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ey
o 10 PRINT: PRINT TAB(30); * PROBLEM #15°
] : )
o 20 PRINT TAB(30); " -----—----="
e 30  LPRINT :LPRINT TAB(30); " PROBLEM 15"
: 40  LPRINT TAB(30); " ----=------ :
1o 50  DIMN(S0),A(S0),B(S0),W(S0)
% 60  PRINT : PRINT * ENTER THE OPERATING FREQ. fo IN GHz"
S5 70 INPUT fo : PRINT : PRINT * 1. fo=";10;"GHz"
J 80  PRINT: PRINT “ENTERTHE P.RF fp IN KHz"
N2 80  INPUT fp : PRINT : PRINT * 2. p=";1p;"KHz"
3‘,’,; 100  PRINT : PRINT " ENTER NUMBER OF PULSE CANCELLER n, (maximum you can enter for this
Y progremisn=49)"
- 110 INPUT n:PRINT : PRINT * 3.n=";n
ot 120  PRINT : PRINT * ENTER FREQ. T IN H2, WHERE THE CLUTTER REJECTION WILL BE
}r{ CALCULATED"
g 130 INPUT f: PRINT : PRINT ~ 4. ="1;"Hz"
- 140  PRINT : PRINT " ENTER THE RADIAL VELOCITY OF THE TARGET Ur IN Knots™
N 150 INPUT Ur: PRINT : PRINT * 5. Ur="Ur;Knots"
.:::": 1 60 S0 5040 3030 3040 9040 00090 40 3050 4030 40 30 3040 4040 2040 20 %8
e 170 *  PRINTS THE INPUT DATA
N -, 1 ao X112t rirrr ittty L}
W 190  LPRINT : LPRINT :LPRINT "G I VEN
200 LPRINT * ---==-==="
10N
N 210 LPRINT:LPRINT “ 1. fo=";f0;"GHz" SPC(10); " : OPERATING FREQ."
s 220 LPRINT : LPRINT " 2.1p=";1p;"KHz" SPC(10); “: P.RF"
"‘J‘.-(‘
5% 230 LPRINT :LPRINT * 3.n=";n SPC(14); " : NUMBER OF PULSE CANCELLER"
ooy 240 LPRINT :LPRINT " 4. 1=";;"H2" SPC(11); " : FREQ. WHERE THE CLUTTER REJECTION WILL BE
' 7 CALCULATED"
N 250 LPRINT :LPRINT 5. Ur=",Ur;"Knots" SPC(6); *: RADIAL VELOCITY OF THE TARGET"
:;'::_ 260 SAR PSPPI A0 S0 A0 A0 4050 A0 S0 0 A0 2000 A0 A0 A0 30 S0 90 090 S0 90 2000 3040 20 A0 0 A0 A 04t 0 N
L
o 270 CALCULATIONS FOR PARTS a,b,c.d
; ;3.:" 280 SARIP AR AP AP A 020 S0 30 030 S0 90 S0 0 S5 90 3090 3030 3090 3030 5044 20 20 3050 2094 30 3 30 5 N
! 290 LET fo=fo*10°9 : fp=1p*10°3 : C=3*10"8
o
i 300 LET 1=C/fo : U1D1=CSNG(1*fp/1.02)
Ve 310 PRINT : PRINT : PRINT * PART :"
o - .
(N 320 PRINT " -------
‘i':'.}.:
S
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§ iinitiniinibieitieitiitinktinittieitieltinibin i i i A A A
X 330  LPRINT :LPRINT : LPRINT " PART &:"
| \% 340 LPRINT = ------- -
g 350 PRINT :PRINT “U1bl=";U1bl;’Knots"; " : FIRST BLIND SPEED"

' 360 LPRINT :LPRINT “U1bl=";U1bl;’Knots"; " : FIRST BLIND SPEED"

) 370 PRINT :PRINT : PRINT * PART b:"

it 380  PRINT*------- -

7 390  LPRINT : LPRINT : LPRINT * PART b:"

n 400  LPRINT " ------- -

% 410 FORI=1TON-1

- 420 NO)=1:N(D)=I

b 430 NQD=N(-1)#1

440  NEXT |

5 450 FORJ=1TOnN

, 460  Bl)=J-1

¥ 41 B(1):!

° 480  B(0)=!

g 480  A(0)=1

< 500 A(J)=B(J*A(- 1) PRINT ACJ)

: 510 W(J)=(-1)°(J- 1)*N(n- 1)/(N(n-J)*A())

» 520  NEXTJ

o S30  PRINT:PRINT* 1.T1=T2=T3=";1/fp;"sec."; " : DELAYS OF THE 4 PULSE CANCELER"

o 540  LPRINT :LPRINT 1. T1=T2=T3="1/fp;"sec.”; *: DELAYS OF THE 4 PULSE CANCELER"

ke 550  PRINT : PRINT * 2. THE WEIGHTS OF THE 4 PULSE CANCELER ARE : *: PRINT

- 560  LPRINT : LPRINT 2. THE WEIGHTS OF THE 4 PULSE CANCELER ARE : *: LPRINT

«:’ 570 FORI=tTOn ‘
s 580 PRINT " W(1:7) =" W) LPRINT * WCSE™) =" W)™ §
: 590  NEXT | |
G 600  PRINT : PRINT : PRINT * PART ¢ |
: 610 PRINT " ------- -

T 620  LPRINT : LPRINT : LPRINT * PART c:"

.x 630  LPRINT " ------- y

I 640 LETPI=3.14159 :REJ.=CSNG(-60*.4342945% *LOG(SIN(PI*1/1p))

: 650 PRINT : PRINT *REJ.="REJ.;"db"; " : CLUTTER REJECTION AT f=";1,"Hz"

v 560 LPRINT:LPRINT *REJ.="REJ."db™; " : CLUTTERREJECTION AT f=",f;"Hz"

670 PRINT : PRINT : PRINT " PART @.”
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690 LPRINT :LPRINT : LPRINT ° PART d:"
. 700 LPRINT * -==---- -
i 710 LET fd=CSNG(1.03%Ur/1)
720 PRINT:PRINT - 1d=";1d;"Hz"; " : DOPPLER FREQ. WHERE THE BIPOLAR VIDEC WILL
S FLUCTUATE"
L 730  LPRINT :LPRINT * fd=";d;"Hz"; " : DOPPLER FREQ. WHERE THE BIPOLAR VIDEO WILL
: FLUCTUATE®
740  PRINT : PRINT * DO YOU WANT TOTRY AGAIN FOR DIFFERENT OR THE SAME DATA Y/N?-
' ;2 750  INPUT A$
760  IF LEFT$(AS,1)="v" ORLEFT$(A$,1)="y" THEN 60
770 END

i 680 PRINT " -------°
1
!
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PROBLEM® 13
GIVYEN
1. fo= 1 GHz :OPERATING FREQ.
2.7p= 1 KHz :PRF
3.n=4 : NUMBER OF PULSE CANCELLER
4 f=25Hz : FREQ. WHERE THE CLUTTER REJECTION WILL BE CALCULATED

S.Ur= 200 Knots :RADIAL VELOCITY OF THE TARGET

Péﬂ g.
U1ibl=294.118Knots :FIRST BLINDSPEED

PART b:

1.T1=T2=T3=.001 sec.: DELAYS OF THE 4 PULSE CANCELER
2. THE WEIGHTS OF THE 4 PULSE CANCELER ARE :

W)= 1 W(2)=-3.W(3)=3 w(d)=-1.

REJ.= 66.3214db: CLUTTER REJECTION AT 1= 25 Hz

PART d:
1¢=686.667 Hz: DOPPLERFREQ. WHERE THE BIPOLAR YIDEC WILL FLUCTUATE
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APPENDIX B

A listing of the Electronic Warfare computer programs is
provided as well as an output of the results for each one of

these programs.
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10 PRINT : PRINT TAB(30); * PROBLEM *1°

11 PRINT TAB(30); * ---------- .

20 GOSUB 100 :GOSUB 850 : GOSUB 1060 : GOSUB 1510

30 GOSUB 1620 :GOSUB 1750 :GOSUB 1890: GOSUB 2070 : GOSUB 2260

40 PRINT : PRINT * DO YOU WANT TO TRY AGAIN FOR DIFFERENT OR THE SAME DATA /87"

50 INPUT D$§

60  IFLEFT$(D$,1)="¥" ORLEFT$(D$,1)="y" THEN 20
70 END

BO S008I0 990 2204 SRR NN

80 INPUTS THt  ATA

1 00 S AP A0 AR A0 AP A0 A0 4 A0 20 A0 20 40 30 3P 2030 2020 2040 30 00 20 00 20 00 20

110 PRINT : PRINT "ENTER THE OPERATING FREQ. 10 IN MHZ"

120 INPUT fO:PRINT : PRINT " 1.10=";10;"MHZ"

130 PRINT :PRINT " ENTER THE PULSE WIDTH (long) T1 INMICSEC.”
140 INPUT T1:PRINT : PRINT © 2.T1=",TV,"MICSEC”

1S0  PRINT : PRINT " ENTER THE PULSE WIDTH (short) Ts IN MICSEC.”
160 INPUT Ts:PRINT : PRINT “ 3.Ts=",T9;,"MICScC."

170 PRINT : PRINT " ENTER THE PEAK OUTPUT POWER Pr IN KW"

180 INPUT Pr:PRINT : PRINT " 4.Pr=",Pr;"Kw"

190  PRINT : PRINT “ENTER THE P.RF fp INHZ”

200 INPUT fp: PRINT : PRINT *S. fp=";fp,"HZ"

210 PRINT:PRINT " ENTER THE BANDWIDTH (10ong pulse) Brl IN MHZ"
220 INPUT Brl:PRINT : PRINT " 6. Br1=";Brl;"MHZ"

230 PRINT :PRINT “ ENTER THE BANDWIDTH (short pulse) Brs iN MHZ"
240 INPUT Brs: PRINT : PRINT ° 7. Bre=";Brs;"MHZ"

250 PRINT : PRINT “ENTER THE ANTENNA SCAN FREQ. Wm INR.P.M"
260 INPUT Wm: PRINT : PRINT " 8. Wm=";Wm;"RP.M"

270 PRINT : PRINT ° ENTER THE AZIMUTH BEAMWIDTH A.B IN Deg.”
280 INPUT AB:PRINT:PRINT " 9. A.B=";A.B;"Deg.”

290 PRINT : PRINT " ENTER THE ELEVATION BEAMWIDTH E.B IN Deg.”
300 INPUTE.B:PRINT:PRINT * 10.£.8=";E.B;"Deg.”

310 PRINT : PRINT " ENTER THE ANTENNA NOISE TEMPERATURE Te IN KELVIN®
320 INPUT Ta:PRINT :PRINT “ 11.Ta=";Ta;"KELVIN®

320 PRINT :PRINT "ENTER THE FALSE ALARM PRCBABILITY Pfa”
340 INPUT Pfa: PRINT : PRINT " 12 Pfa=",Pfe
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350
360
370
380
390
400
410
420
430
440
450
460
470
480
490
S00
510
520
530
540
550
560
570
580
590
600
610
620
630
640
650
660
670
580
530

PRINT : PRINT * IS THE INPUT DATA CORRECT ¥/N7"

INPUT A$ |

IFLEFT$(AS, 1)="Y" OR LEFTS$(AS,1)="y" THEN 820

PRINT : PRINT ~ WHAT OF THE FOLLOWING DO YOU WANT T0O CHANGE?"

PRINT : PRINT * 1. THE OPERATING FREQ.?"

PRINT : PRINT * 2. THE PULSE WIDTH (long) 7°

PRINT : PRINT * 3. THE PULSE WIDTH (short) 7"

PRINT : PRINT * 4, THE PEAK OUTPUT POWER"

PRINT : PRINT * 5. THE PRF"

PRINT : PRINT * 6. THE BANDWIDTH FOR THE LONG PULSE?"

PRINT : PRINT ~ 7. THE BANDWIDTH FOR THE SHORT PULSE?"

PRINT : PRINT * 8. THE ANTENNA SCAN FREQ.?"

PRINT : PRINT “ 9. THE AZIMUTH BEAMWIDTH?"

PRINT: PRINT * 10, THE ELEVATION BEAMWIDTH?"

PRINT : PRINT ° 1 1. THE ANTENNA NOISE TEMPERATURE?"

PRINT : PRINT * 12. THE FALSE ALARM PROBABILITY?"

INPUT C$

IF €$="1" THEN PRINT : PRINT * ENTER THE OPERAT ING FREQ. 10 IN MHZ"
IFC$="1" THENINPUT fO:PRINT : PRINT " 1.10=";10;"MHZ": GOTOD 750

IF C$="2 THEN PRINT : PRINT " ENTER THE PULSE WIDTH (1ong) T1 IN MICSEC."
IFC$="2" THEN INPUT T1:PRINT : PRINT * 2. T1="T1;"MICSEC." : GOTO 760

IF C$="3" THEN PRINT : PRINT " ENTER THE PULSE WIDTH (short) Ts INMICSEC.”
IFC$="3" THENINPUT Ts: PRINT : PRINT " 3. Ts="Ts;,"MICSEC." : GOTOD 760
IFC$="4" THEN PRINT : PRINT “ ENTER THE PEAK POWER QUTPUT Pr IN Kw"

fF C$="4" THEN INPUT Pr:PRINT : PRINT 4. Pr=".Pr;"K'w": GOTD 760

IF C$="5" THEN PRINT : PRINT " ENTER THE P.RF pf INHZ"

{FC$="5" THEN INPUT pf: PRINT : PRINT " S.pf=";pf;"HZ": GOTO 760

IF C$="6" THEN PRINT : PRINT " ENTER THE BANDWIDTH (long pulse) 3r1 INMHZ"
IFC$="6" THEN INPUT Brl : PRINT : PRINT * 6. Brl=",Brl;"MHZ" : GOTO 760

IF C$="7" THEN PRINT : PRINT * ENTER THE BANDWIDTH (short pulse) Brs IN MHZ"
IF C$="7" THEN INPUT Brs : PRINT : PRINT * 7. Brs=";Brs;"MHZ" : 6OT0 760
IFC$="8" THEN PRINT : PRINT “ ENTER THE ANTENNA SCANFREQ. Wm INR.P.M"
IFCH="8" THENINPUT Wm:PRINT :PRINT “ 8. Wwm="wm "RP.M" . GOTO 760
IFC3="8" THENPRINT PRINT "ENTCR THC AZIMUTH BEAMW:DTH A.B IN Deg.”
IFC$="8" THENINPUT A.B:PRINT:PRINT 9. AB=",A8Deq.":6OTQ 760
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700 IFC$="10" THENPRINT : PRINT " ENTER THE ELEVATION BEAMWIDTHE.D IN Deg.”
710 IFC$="10" THEN INPUT E.B:PRINT : PRINT " 10. E.B=",E.B;"Deg.” : GOTD 760
720 IFC$="11" THEN PRINT : PRINT " ENTER THE ANTENNA NOISE TEMPERATURE Ta INKELYVIN
730 IFC$="11" THENINPUT Ta: PRINT : PRINT “ 11.Ta=";Te;"KELVIN" : GOTO 760
740 IF C$="12" THENPRINT : PRINT “ ENTER THE FALSE ALARM PROBABILITY P1a”
750 IFC$="12" THEN INPUT Pfa:PRINT : PRINT ° 12. Pfe= ";Pfa;:GOTO 760
760 PRINT : PRINT " IS EVERYTHING 0.K NOW?"
770 INPUT BS
780 IFLEFT$(BS,1)="Y" ORLEFT$(B$,1)="y" THEN 820
790 PRINT : PRINT " WHAT DO YOU WANT TO CHANGE AGAIN?"
800 PRINT:PRINT “HIT ANY KEY IN YOUR KEYBOARD AND EVERYTHING WiLL WORK FOR YOU
MALAKA®
810 |INPUTF$ :GOTO390
820 RETURN

830 Rl I 22221l Ll 22222t rlrlllIL2lzsz2

840 PRINTS THE INPUT DATA

850 SRR RN NN RN RN RN RNR

860 LPRINT : LPRINT TAB(30); " PROBLEM #1°

870 LPRINT TAB(30); " ---=-~=-=- :

880 LPRINT:LPRINT "GI1VEN"

890 LPRINT * ~-------- -

900 PRINT:PRINT"GIVEN"

920 LPRINT:LPRINT " 1. 10=";0;"MH2" TAB(20);" : OPERATING FREQ.”

930 LPRINT :LPRINT “2.T1=";T1;"MICSEC.” TAB(20);" : PULSE WIDTH (long)"
940 LPRINT :LPRINT * 3. Ts="Ts;"MICSEC." TAB(20);": PULSE WIDTH (short)"
850 LPRINT:LPRINT " 4. Pr=",Pr;"KW" TAB(20);" : PEAK OUTPUT POWER"

860 LPRINT :LPRINT " 5. fp=";1p;"HZ" TAB(20);" : P.RF"

970 LPRINT :LPRINT ° 6.Br1=";Br1;"MHZ"TAB(20);" : BANDWIDTH (long pulse)"
980 LPRINT:LPRINT “ 7.Brs=";Brs;"MH2" TAB(20);" : BANDWIDTH (short putse)”
990 LPRINT :LPRINT ° 8. wm=";Wm;"RP.M" TAB(20);": ANTENNA SCAN FREQ."
1000 LPRINT:LPRINT " 9.AB=";A.B;"Deg.” TAB(20);": AZIMUTHBEAMWIDTH"
1010 LPRINT :LPRINT * 10.E.8=",E.B;"Deg.” TAB(20)," : ELEVATION BEAMWIDTH"
1020 LPRINT :LPRINT * 11.Ta=";Ta;"KELVIN" TAB(20);": ANTENNA NOISE TEMPERATURE"
1C30 LPRINT LPRINT " 12.Pfe=",Pfo; TAB(20),": FALSE ALARMPROBABILITY”
1040 RETURN
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1 050*"*’*’*.9** SRA0 3040 S0 A0 5040 3090 5040 3020 200 5090 20 A0 44 40 4090 2 A0 40 20 2090 N0 40

1060 ° CALCULATION & PRINTOUT FOR PART o

]070*!!!****!*l*****’*Q*’Ql*l***l*l****l**i*’*.**

1080 PRINT : PRINT : PRINT “ PART "

1090 PRINT ° -==---- )

1100 LPRINT :LPRINT : LPRINT " PART a:"

1110 LPRINT " ~===~e- -

1120 PRINT : PRINT "ENTER RADAR'S CROSS SECTION OF TARGET Sav IN sq.m’

1130 INPUT S

1140 PRINT :PRINT “ENTERTHE PROBABILITY OF DETECTION Pd”

1150 INPUT Pd

1160 PRINT : PRINT " ENTER THE RECEIVER'S NOISE FIGURE F1 INdb”

1170 INPUTF1

1180 LET n=CINT(A.B*1p*60/(360*Wm))

1190 PRINT : PRINT " FROMFig. 2.8(a) (SKOLNIK Pg.31) YOU CANFIND THE INTEGRATION IMR.
FACTOR I1(n) INdb"

1200 PRINT : PRINT * SINCE YOU KNOW °

1210 PRINT : PRINT “ {8).n=A.B*1p*60/(360*Wm)=";n; ": *OF HITS INTEGRATED"

1220 PRINT : PRINT “(b). Pd=";Pd; " : PROBABILITY OF DETECT ION"

1230 PRINT :PRINT “ ENTERTHE INTEGRATION [MR. FACTOR Hi{n){numeric velue)"

1240 INPUT I

1250 PRINT : PRINT * FROM Fi1g. 2.7 (SKOLNIK Pg. 28) YOU CAN FIND THE (S/N) 1 IN db”

1260 PRINT :PRINT “ENTER THE (S/N)1 IN db”

1270 INPUT A

1280 LET T0=290 'KELVIN

1290 LET K=1.38*10°-23 ‘BOLTZMAN'S CONSTANT
1300 LET PI1=3.14159

1310 LETC=3*108 ‘m/s

1320 LET 10=10*106 ‘convertion from MHz to H2
1330 LET Bri=Br1*10°6 ‘convertion from MHz to Hz
1340 LET Pr=Pr*103 ‘convertion from Mw to W
1350 LET 1=C/f0 ‘m/s

1360 LET 6=412501/(A.B*E.B) "ANTENNA GAIN

1370 LET Ae=1"2*G/(4*P!) ‘antenna effective aperture
1380 LETF2=F1/10:F3-10F2
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1390 LET Te=(F3-1)*T0

1400 LET B=K*TO*(Ta+Te)*Br1/290

1410 LETA1=A/10:A2=10°A1

1420 LET R=CSNG(SQR(SQR(PreG*Aa*S*|1/((4*P()"248*A2)))) “longpulse

1430 LET R1=CSNG(R*(1/5)(1/4)) 'short pulse

1450 PRINT : PRINT “ i(a).
R=Pr*G*Ae*Sav*n*Ei(n)/((4*P1)2*K*(Ta+Te)*Br1*(S/N)max.)(1/4)=";R/ 1000 KM";
MAX.DETECT ION RANGE FOR THE LONG PULSE"

1460 PRINT :PRINT " 2(a). R1=R*(1/%)'(1/4)=";R1/1000;"KM"; " : MAX RANGE FOR THE SHORT
PULSE"

1470 LPRINT :LPRINT " 1(a).
R=PreG*Ae*Sav*n*Ei(n)/((4*P1)2*K(Ta+Te)*Br1*(5/N)max.)"(1/4)=";R/ 1000;"KM";"
MAX.DETECTION RANGE FOR THE LONG PULSE"

1480 LPRINT:LPRINT " 2(a).R1=R*(1/5)(1/4)=";R1/1000;"KM"; *: MAXRANGE FOR THE SHCR™
PULSE"

1490 RETURN

‘ 500'**Q**Q*l*’Q*Qﬂ*QQQQ*Q*Q*Q*’*OQG**QG

1510 * CALCULATION& PRINTOUT FOR PART b:

1 S20'!*!*Q‘I!*I*l*Q***.*Q!.*Q*G*#l**&*‘l{.

1530 PRINT : PRINT : PRINT " PART b:"

1540 PRINT * ------- -
1550 LPRINT : LPRINT : LPRINT ° PART b:"
1560 LPRINT "----=-="

1S70 LET Ru=CSNG(C/(2*1p))

1580 PRINT :PRINT “ 1(b). Ru=";Ru/1000;"KM" “: MAX. UNAMBIGUOUS RANGE"
1S90 LPRINT: LPRINT - 1(b).Ru=";Ru/1000;"KM" ": MAX. UNAMBIGUCUS RANGE"
1600 RETURN

1 6 i 0'..".’.'.Q.ﬂ’lIﬂl!‘**'l!..&*&ldl.“

1620 ' CALCULATION& PRINTOUT FORPART C:

16 50)" 3930413090 0090 5190 5090 3040 3090 4090 4190 .90 900900 3090 400 S 20 0 90

1640 PRINT : PRINT : PRINT " PART ¢:°

1650 PRINT " ------- )

1660 LPRINT :LPRINT : LPRINT “ PART ¢:"

1670 LPRINT “--~---- "

1680 PRINT : PRINT “"ENTER THE RADAR CROSS SECTION IN dbsm”
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} 1690 INPUT S1ev

-2 1700 LET R2:CSNG(R/ 1000%10°(1/4))

kT3 1710 PRINT :PRINT * 1{c). R2= 107 1 /4)*R=",R2;"KM"; * RANGE AT WHICHTHE AIRCRAFT WILL BE
- DETECTED FORR.C.5= 10sq.m & FORTHE LONG PULSE"

:: 1720 LPRINT:LPRINT* 1(c).R2=1071/4)*R=",R2;°KM"; * RANGE AT WHICHTHE AIRCRAFT w'LL 8¢
9 DETECTED FORR.C.S= 10sq.m & FOR THE LONG PULSE"

1730 RETURN

' 17401..*.'“'I*IﬂI‘.l‘*ﬂﬂiﬂi.ﬂ*.*‘*ﬂ*.i&

1750 ' CALCULATION& PRINTOUT FOR PART ¢:

]760Tiﬂililﬂhil*Ql’**!’!’!i*&!l*Q!l*!!*

N 1770 PRINT : PRINT : PRINT " PART d:"

1780 PRINT * ------- .

1790 LPRINT :LPRINT : LPRINT " PART d:"

e 1800 LPRINT *-~----- -

3 1810 PRINT: PRINT " ENTER THE RADAR ANTENNA HEIGHT ABOVE THE SEA h1 INft”

hd 1820 INPUT hi

1830 LET h2=(R2/1.61-SQR(2*h1))"2

1840 LET h2=CSNG(h2/2)

1850 PRINT : PRINT ° 1(d). n2=R2(mi1)-SQR(2*h 1 (11)))/2=";h2;" f1"; " : MIN. ALTITUDE AT WHICH
THERADAR CAN SEE THE TARGET"

1860 LPRINT :LPRINT * 1(d). (h2=R2(m1)-SQR(2*h 1(11)))/2=";h2;" 1t"; " MIN. ALTITUDE AT WHICH
THE RADAR CAN SEE THE TARGET"

1870 RETURN

laao%*.ﬂ.!ll‘lI*Ql.‘.QQQ!QG*G!'*‘*'*'!Q

1890 ' CALCULATION& PRINTOUT FOR PART ¢:
]g00WQl***l!’il*l!!i’lii*!i*.*Q*‘*Q!Q*Q

1910 PRINT : PRINT : PRINT " PART e:"

1920 PRINT * ------- -

1930 LPRINT :LPRINT : LPRINT * PART e:"

1940 LPRINT *-~----- -

1950 PRINT : PRINT * ENTER THE CIRCULARY POLARIZED ANTENNA'S GAIN GO IN db”
1960 INPUT GO

1970 LET G1=60/10:62=10G!

180 PRINT : PRINT " ENTER THE TOTAL SYSTEMLOSSES Ls IN db”

"y 1990 (NPUT Ls
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2000 LETLs1=Ls/10:Ls2=10LsI

2010P=PreG*1"24G2/((4*P1)"2%(R2* 1000)‘2"[.32)

2020 LETP=CSNG(10*.4342945**L0G(P)+30)

2030 PRINT:PRINT " 1(e). P=Pr*G*1:2*G2/((4*P1)"2*R2°2%L3)=";P;"dbm"; " : SINGLE PULE PO'WER
AT THEANTENNA TERMINALS OUTPUT®

2040 LPRINT:LPRINT " 1(e).P=Pr#G*1"2%G2/((4*P1)"2*R2°2%Ls)=";P;"dbm";": SINGLE PULSE
POWER AT THE ANTENNATERMINALS QUTPUT"

2050 RETURN

2060%*’*ll"”’l*”’*.l.i’*.l***l'l&*’**

2070 ' CALCULATION& PRINTOUT FOR PART f:

20801...'...lil*.*QQQ*Q***Q*.*Q***Q*’**

2090 PRINT : PRINT : PRINT " PART f:°

2100 PRINT * ------- )

2110 LPRINT :LPRINT :LPRINT " PART 1"

2120 LPRINT "-~-----"

2130 LETK1=1640

2140 LETK2-400

2150 LETTI=TI*10"-6

2160 LETCr=4/(1+(1/(T1*Br1))"2)*(tp/K1):(1/3)

2170 LETCI1=4/(1+(1/(T1*Br1))2)*(fp/K2)(1/3)

2180 LETCr=CSNG(10*.4342945#*L0G(CT))

2190 LETCT1=CSNG(10*.43429452*L0G(CT 1))

2200 PRINT :PRINT " 1(f).C1=4/(1+(1/(T1#Br1))"2)*(1p*K)"(1/3)=";C1;"db"; " : CAMOUFLAGE
FACTORFORK="K1

2210 PRINT:PRINT " 2(1).CT1=4/(1+(1/(T1*Br1))"2)*(rp*K)"(1/3)=",C11,"db™;" : CAMOUFLAGE
FACTORFORK="K2

2220 LPRINT:LPRINT ™ I(1).Cf=4/(1+(1/(T1#Br1))"2)*(fp*K)*(1/3)=";Cf;"db"; " : CAMOUFLAGE
FACTORFORK="K1

2230 LPRINT:LPRINT " 2().Cf 1=4/(1+{1/(T1%Br1))"2)*(1p*K)(1/3)=";C1 1,;"db"; *: CAMOUFLAGE
FACTORFORK=";K2

2240 RETURN

2250IQ**!‘QGQQll'*i*&*!*lil*&*l*ll*ﬂ‘&&

2260 ' CALCULATION& PRINTOUT FOR PART g:

2270'!*.*!!'!Ql‘li*ﬁ****’*****’*i*il‘*.ii

280 PRINT : PRINT : PRINT " PART g
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2290 PRINT " ------—- .

2300 LPRINT :LPRINT : LPRINT “ PART g:*

2310 LPRINT *-=----- -

2320 PRINT : PRINT * ENTER THE VALUE OF THE S/J IN db”

2330 INPUT C1:C2=C1/10:C3=10°C2

2340 PRINT : PRINT * ENTER THE BURNTHROUGH RANGE Rb INn.miles"

2350 INPUTRD

2360 LETRb=RDb*1.85*10"3

2370 PRINT:PRINT * ENTER THE THE FREQ. Br IN MH2 THE JAMMER TRANSMITS"

2380 INPUT Br :Br=Br*10'6

2390 PRINT :PRINT " ENTER THE GAIN OF THE JAMMING ANTENNA G§ IN db”

2400 INPUT 6) :€)1=C}/10 : C)2=10°C}

241CPJ=CSNG(Pr*G*S 1av*Ls2*C3/(4*P1*Rb*2#Br1*C{2))

242P1 1=CSNG(Pr*G*S 1 av*Ls2*C3/(4*PI*Rb2*Br*C}2))

2430 PRINT :PRINT * 1(g).PJ=Pr*G*Sav*Ls*(5/J)/(4*PI*Rb"2*Br1*C{)="P* 10°6;"W/MHz"; "
JAMMER OUTPUT POWER FORLONG PULSE"

2440 PRINT :PRINT * 2(0).P{=PreG*Sav*Ls*(5/J)/(4*PI*RD'2*BreC {)=",P1 1*10°6;"W/MHz"; "
JAMMEROUTPUT POWERFORBr="Br/ 10°6;"MHz

2450 LPRINT :LPRINT * 1(g). PJ=PreG*Sav*Ls*(S/J)/(4*P1#Rb 2%Br1*C})=";P|* 10'6;" W/MHz";":
JAMMER OUTPUT POWER FORLONG PULSE"

2460 LPRINT :LPRINT * 2(g). P)=Pr*G*Sav*Ls*(S/J)/(4*P1*RD"2#Br+C))=",P] 1% 10°6; " W/MHz"; "
JAMMEROUTPUT POWERFORBr="Br/ 10°6;"MHz

2470 RETURN
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3¢
2
L PROBLEM® 1
i)
o
; GIVEN
w4 1. 10=5600 MHZ :OPERATING FREQ.
. 2. T1= 1.3 MICSEC. : PULSE WIDTH (long)
gL 3. Ts= .25 MICSEC. : PULSE WIDTH (shart)
& 4. Pr=200KW  :PEAK OUTPUT POWER
- S. fp= 650HZ  :PRF
- 6. Briz 1MHZ  :BANDWIDTH (long puise)
3 7. Brs=5MHZ  :BANDWIDTH (short pulse)
v 8. Wm= 16 RP.M : ANTENNA SCAN FREQ.
i 9. AB=15Deq. :AZIMUTHBEAMWIDOTH
. 10.EB= 14Deg. : ELEVATION BEAMWIDTH
E 11.Te=7SKELVIN : ANTENNA NOISE TEMPERATURE
. 12.Pfa= 1E-11  :FALSE ALARM PROBABILITY
uh
PART &
-1 1(a).R=Pr*G*Ae*Sav*n*E{(n)/((4*P1)°2*K*(Ta+Te)*Bri*(S/N)meax.)(1/4)=47.972KM - MaX
3 DETECT 0N RANGE FOR THE LONG PULSE
' 2(0). R1=R%(1/5)"(1/4)= 32.0808 KM: MAX RANGE FOR THE SHORT PULSE
3 ~ARTD:
"3 1(b).Ru= 230.769 KM : MAX. UNAMBIGUOUS RANGE
¢
o PART ¢:
o 1(c).R2=10°(1/4)*R=- 5.3076 KMRANGE AT WHICHTHE AIRCRAFT WILL BE DETECTED FOR
-}; R.C.5=108q.m& FOR THE LONG PULSE
\;j
‘_::- PART d:
i 1(0). h2=R2(mI1-SAR(2*N 1(11)))/2= 923.902 ft :MIN. ALTITUDE AT WHICH THE RADAR CAN 3EE
- THETARGET
&
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1(e).P=Pr+*G*1"2#62/((4*P1)"2*R2"2*L3s)=-33.0829dbm :SINGLE PULSE POWER ATTHE

} ANTENNATERMINALSOUTPUT

s PART {

s‘ \

»§ 1(1).C1=a/(1+(1/(TI*Br1))2)*(1p*K)"( 1 /3)=2.66218 db: CAMOUFLAGE FACTCRFOR K= 1 64C
E ]

{é:. 2(1).C11=4/(1+(1 /(T1#Br1))2)*(fp*K) 1/3)=4.70479 db : CAMOUFLAGE FACTORFOR K= 400

- PART g
; i 1(g). PJ=Pr*G*Sav*Ls*(5/J)/(4*P|*Rb*2*Br1*C})=5.76344W/MHz :JAMMER OUTPUT POWER
FOR LONG PULSE |
" 2(9).PJ=PreG*5av*Ls*(5/J)/(4*PI*Rb"2*Br*C{)=.192115W/MH2 : JAMMER OUTPUT POWERFOR |
A 'k‘-.

Br= 20 MHz

K .I.. ‘.
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BN

i 10 PRINT : PRINT TAB(30) " PROBLEM #2°

% > 20 PRINT TAB(30); * ---------- y

% 30 GOSUB 100 : GOSUB 530 : GOSUB 690
o 40 GOSUB 840 GOSUB 950 : GASUB 1060
o 50 PRINT : PRINT - DO YOU WANT TO TRY AGAIN FOR DIFFERENT OR THE SAME DATA Y/N?"
o 60  INPUT DS

Yoo 70 IFLEFTS$(DS, 1)="¥" ORLEFT$(DS,1)="y" THEN 30

) 80  END

§

90 SRR A A0 4D 20 20 20 30 20 20 A0 20 20 20 90 40 40 20 50 0 30 40 S0 4 40 40 S0 40 40

'.15
., 100 ° INPUTS THE DATA
)

1§ 0 THIRAA A0 000 30 0 2 A0 40 A0 5090 40 A0 A0 A0 40 30 30 30 00 S0 A0 20 20 20

120 PRINT : PRINT " ENTER THE DPERATING FREQ. fO INMH2 "

::j 130 INPUT fO: PRINT : PRINT " 1. 10=";10;"MH2 *
e 140 PRINT: PRINT “ENTER THE DIMENSIONS OF THE RECTANGULAR TRANSMIT ANTENNA d1,02
o IN METERS "
_ 150 INPUT d1,d2: PRINT : PRINT 2. d1xd2="d1 "x" d2 " m’
?:: 160 PRINT : PRINT ° ENTERTHE #OF ELEMENTS OF THE RECT. ARRAY, TRANSMIT ANTENNA N -
ﬁ 170 INPUT N1 : PRINT : PRINT * 3.N="N1

2 180 PRINT : PRINT " ENTER THE ILLUMINAT ION EFFICIENCY OF THE ARRAY Rr"

180  INPUT Rr:PRINT : PRINT " 4.Rr=";Rr
200 PRINT : PRINT " ENTER THE TOTAL LOSSES Ls (feed & phase shifter) IN db”

! ;’3';': 210 INPUT LS :PRINT : PRINT ~ 5.1s="1Ls;"db"
220 PRINT : PRINT “ IS THE INPUT DATA CORRECT Y/N?*
. 230 INPUT A$
* 240 IFLEFT$(A$,1)="yY" ORLEFT$(A$,1)="y" THEN 500
- 250 IFA$="y" THEN 1041
; 260 (F A$="N" THEN PRINT * WHAT OF THE FOLLOWING DO YOU WANT TO CHANGE?"
~T 270 IF A$="n" THEN PRINT * WHAT OF THE FOLLOWING DO YOU WANT TO CHANGE?"
~L 280 PRINT : PRINT ° 1. THE OPERATING FREQ.?"
o 290 PRINT : PRINT * 2. THE DIMENSIONS OF THE RECT.ARRAY?"
t 300 PRINT : PRINT " 3. #OF THE ELEMENTS?"
X2 310 PRINT:PRINT * 4 ILLUMINATION EFFICIENCY?"
e 320 PRINT : PRINT * 5 ¥HE TOTAL LOSSES?"
o 310 INPUT CS
Py 340 IFC$="1" THENPRINT : PRINT " ENTER THE OPERATING FREQ. 10 IN MHZ"
=
j:::: 187
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350 IFC$="1" THEN INPUT r0: PRINT : PRINT " 1. 10=";70;"MHZ" : GOTO 440

360 IFC$="2" THENPRINT : PRINT " ENTER THE DIMENSIONS OF THE RECT. TRANSMIT
ANTENNAd1,d2 INMETERS™

370 IFC$="2" THEN INPUT d1,d2:PRINT : PRINT " 2. dixd2="d1 "x"d2"m" :GJ7T0 440

380 IF C$="3" THEN PRINT : PRINT “ENTER THE #OF ELEMENTS OF THE RECT.
ARRAY, TRANSMIT ANTENNAN"

300 IF C$="3" THEN INPUT N1 :PRINT : PRINT “ 3.N=";N1 :GOT0 440

400 IFC$="4" THENPRINT : PRINT " ENTER THE ILLUMINATION EFFICIENCY OF THE ARRAY Rr”

410 IFC$="4" THEN INPUT Rr: PRINT : PRINT ~ 4. Rr=";Rr : GOTO 440

420 IF C$="S" THEN PRINT : PRINT " ENTER THE TOTAL LOSSES Ls (feed & phase shifter) IN
db”

430 IF C$="5" THEN INPUT Ls: PRINT : PRINT * 5. Ls=";Ls;"db": GOTO 440

440 PRINT : PRINT * IS EVERYTHING 0.K NOW?®

450 INPUT B

460 IFLEFT$(BS,1)="Y" ORLEFT$(B$,1)="y" THEN 500

470 PRINT : PRINT ° WHAT DO YOU WANT TO CHANGE AGAIN?"

480 PRINT:PRINT “HIT ANY KEY IN YOUR KEYBOARD AND EVERYTHING WILL WORK FOR YOU
MALAKA"

490 INPUTF$ :GOTO 280

S00 RETURN

s ' 0 CAR AP AL AP AL AR A AL AR AL AP AR A A0 40 A0 20 20 A I W A S0 A0 20 S0 20 0

520 PRINTS THE INPUT DATA

530 SO0 A U0 S0 30 A0 0 30 S0 S0 40 30 20 30 40 20 3020 20 S0 4 36 48 20 3 30 b b2t 20 2

540 LPRINT : LPRINT TAB(30); " PROBLEM #2°

S50 LPRINT TAB(30); " ---------- -

560 LPRINT:LPRINT "GIVEN

570 LPRINT " ---ooeme- )

S80 LPRINT :LPRINT “ 1.10=";10;"MH2" TAB(20) " : OPERATING FREQ.”

590 LPRINT :LPRINT - 2.d1xd2="d1"x" d2 " m" TAB(20); " : DIMENSIONS OF THE ARRAY
ANTENNA®

600 LPRINT :LPRINT " 3. N=";N1 TAB(20); * : #OF ELEMENTS OF THE ARRAY ANTENNA"

610 LPRINT :LPRINT ~ 4.Rr=";Rr TAB(20); " : ILLUMINATION EFF. OF THE ARRAY"

620 LPRINT:LPRINT “S.Ls=";Ls;"db" TAB(20); " : TOTAL LOSSES (feed & phase shifter)

670 RETURN

680 RXIZZIIXIEIRTESRLZIZZEL L ZE2 L2222 X2 2 2
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690 ° CALCULATION & PRINTOUT FOR PART a:

700‘!*QQ.i’.l!*.*’*’***.**'DQ.*&Q*!.*’***DQ

710 PRINT : PRINT : PRINT " PART a:"

720 PRINT * ------- y
772 LPOINT:LPRINT LPRINT “PART &
740 LPRINT *------- :

750 LETLs1=10%-Ls/10) : A=dl*d2

760 LET Ae=Rr*Lsi*A : PI=3.14159

770 LETC=3*10'8 : 10=10*10'6

780 LET 1=C/10 : Gp=CSNG(4*P!*Ae/(1°2))

790 LET Gp1=CSNG(10%*.4342945%*L0G(Gp))

800 PRINT : PRINT ° 1(a). Gp=4*Pi*Ae/(1°2)=";6p;" numeric";" or";6p1;"db"; *: POWER GAIN"
810 LPRINT:LPRINT ° 1(a). Gp=4*P1*Ae/(1°2)=",6p;" numeric";" or";Gp1,"db"; *: POWER GAIN"
820 RETURN

830‘*l*'*i*QQQ*Dl!*l!l!l***l!lll!*!!!*!!!**

840 ° CALCULATION& PRINTOUT FOR PART b:

Bso SA0 A0S0 020 4050 S0 50 40 A0 2040 B0 A0 3030 S0 A0 2040 S0 40 50 40 30 1 20 0 WA NN NN NN NN

860 PRINT : PRINT : PRINT " PART b:"

870 PRINT ~ ------- .
B8O LPRINT : LPRINT : LPRINT * PART b:"
890 LPRINT *------- -

900 LET TH=CSNG(SQR(412501/(Gp/Ls1)))

310 PRINT :PRINT ° 1(b). TH=SQR(412501/{Gp/Ls 1))=";TH;"Deq.”; " : BEAMWIDTH"
920 LPRINT:LPRINT * 1(b). TH=5QR(412501/(Gp/Ls 1))=";TH;"Deq.”; *: BEAMWIDTH"
930 RETURN

940 CH0 00 4030 200 9030 3030 40 0 3000 3030 50 90 5050 50 0 3090 30 50 30 2 302 A 20 20 2 2 R

950 ° CALCULATION & PRINTQUT FOR PART ¢:

960 SOR AR A0 A0 AR 40 A8 4090 A0 A0 40 A0 50 A0 090 2090 2040 S0 40 30 40 30 40 46 40 0 A0 3 A0 20 2 2 2 6 0

970 PRINT : PRINT : PRINT " PART c¢”

980 PRINT = ------- -
990 LPRINT : LPRINT : LPRINT " PART ¢
1000 LPRINT *------- .

1010 LET d=CSNG(d1/5QR(N1))
1020 PRINT:PRINT = 1(c).d=¢{/5QR(N1)=".d; ": SPACING SETWEEM ELEMENTS”
103G LPRINT . LPRINT " 1(c).d=d1/SQR(N1)=",d; “: SPACING BETWEEN ELEMENTS"
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1040 RETURN

1 o50!'*.”*".!‘*0!!*lllll!**l!l*!!l***’!*!

106C * CALCULATION & PRINTOUT FOR PART d:

] 0700“0'**'&.0**‘**ll.ill.&l*.l"‘*l*l‘l‘dI'*

" SAXEEAL,
X, ¢ X
» S s

- 1080 PRINT : PRINT : PRINT " PART 0.

% 1080 PRINT * ------- :

b3 1100 LPRINT :LPRINT : LPRINT " PART d:°

. 1110 LPRINT *=------ .

_j--_i 1120 LET Gdel=CSNG(12795/N1)

: 1130 LET Gdel 1=CSNG( 10*.4342945##0G(Gdel))

:A 1140 PRINT:PRINT " 1{d). Gdel=Gdarray/Gdgroup=";6del;"numeric™;" or";Gdel 1;"db";":

DIRECTIVE GAIN OF ANELEMENT"

1150 LPRINT: LPRINT = 1(d). Gdel=Gdarray/Gdgroup=";60e1;" numeric";" or*;Gde!1,;"ab";":
DIRECT!VE GAIN OF ANELEMENT™

1160 RETURN
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PROBLEM=*2

GIVEN
1.10= 442 MH2 : OPERATING FREQ.
Ny 2.d1xd2= 26.9%26.9 m : DIMENSIONS OF THE ARRAY ANTENNA
'~ 3.N=5184 : ®0F ELEMENTS OF THE ARRAY ANTENNA
" 4.Rr= 65 : ILLUMINATION EFF. OF THE ARRAY
S.Ls= 1.8ad :TOTAL LOSSES (feed & phase shirter)
2 PART g;
e
®

1(0). Gp=4*Pi*Ae/(1°2)= 8476.75 numeric or 39.2823 db: POWER GAIN

PART b
1(b).TH=5QR(412501/(Gp/Ls 1))= 1.79307 Deg. :BEAMWIDTH

PART C:
1(c). d=d1/SQR{N 1)= 373611 : SPACING BETWEENELEMENTS

PART d:
1{0). Gael=Gderray/Gagroup=2.46817 numeric or 3.92375¢b CIRECTIVE GAINOF ANELEMENT
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PRINT : PRINT TAB(30)  PROBLEM #3°
PRINT TAB(30); * ---=---="

GOSUB 100 : GOSUB 1170

GOSUB 1430 : GOSUB 1590

3 S0 PRINT :PRINT * DO YOU WANT TOTRY AGAIN FOR DIFFERENT OR THE SAME DATA Y/N7"
(L 60  INPUT DS

3o 76 IFLEFT$(DS,1)="Y" ORLEFT$(DS,1)="y" THEN 30

) 80 END

U :.’, 90 AN RN NN N RN RN RN RN RN RRR D RN

3 100 INPUTS THE DATA

i' '\:\; ‘ 20 SO0 S0 A0 2040 30 30 20 40 40 50 30 30 90 0 30 36 40 40 30 40 40 40 20 90 46 40 20 90 40 0 2

[ N

130 PRINT : PRINT " ENTER THE OUTPUT PEAK POWER Pt IN W*

140  INPUT PL:PRINT : PRINT * 1. Pt=";Pt;"W"

150 PRINT : PRINT " ENTER THE BORESIGHT ANTENNA GAIN Gt IN db”
s 160  INPUT Gt : PRINT : PRINT ° 2. Gt=",6t,"db"

° 170  PRINT : PRINT * ENTER THE OPERAT ING FREQ. 10 in GHz"
- 2 180 INPUT f0: PRINT : PRINT * 3. 10=";10;"GHz"
- 190  PRINT : PRINT * ENTER THE RF LOSSES Lp IN db”

- 200  INPUT Lp: PRINT : PRINT * 4. Lp=";Lp;"db"

210 PRINT :PRINT " ENTER THE RECEIVER NGISE BANDW!OTH Bn IN MHZ"

7 220 INPUT Bn: PRINT : PRINT * 5.B8n=",8n;"MHz"

oS 230  PRINT : PRINT  ENTER THE RECE!VER NOISE FIGURE F IN db"
129 240 INPUT F : PRINT : PRINT * 6. F=";1;"db"

, 250  PRINT : PRINT * ENTER THE PULSE WIDTHT INns®

Iy 260 INPUT T :PRINT : PRINT * 7.7="T;"ns"

b 270 PRINT : PRINT " ENTER THE PR F 1p INKHz"

[ 280 INPUT fp: PRINT : PRINT ~ 8. fp=";fp;"KHz"

290 PRINT : PRINT " ENTER THE INTEGRATION TIME T1 IN msec.”
it 300 INPUT T1:PRINT : PRINT * 9. Tt="T1;"msec."
e 310 PRINT:Pn-NT " ENTER THE WEATHER ATTENUATION At IN db/KM"
(eCs 320 INPUT At:PRINT : PRINT * 10. At=";At;"db/KM"
':- 330 PRINT: PRINT “ ENTER THE SKY TEMPERATURE Ta IN KELVIN®
o 340 INPUT Ta:PRINT : PRINT  11.Ta=";Ta;"KELVIN®
2 350 PRINT : PRINT " ENTER THE TARGET RCS IN dbsm”
, ‘ 360 INPUT RCS : PRINT : PRINT * 12. RC5=",RCS:"dbsm’
AN
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35‘» 370 PRINT : PRINT " ENTER THE DEG. OF THE PENCIL BEAM P8 (part b)"
;k 380 INPUT PB:PRINT : PRINT * 13. PB=",PB; Deg.”
:k 380 PRINT : PRINT * ENTER THE (J/S) JS IN db (part b)"

‘ 400 INPUT JS:PRINT : PRINT * 14. (J/5)=",JS;"db"

ﬁ 410 PRINT : PRINT * ENTER THE RANGE R IN KM (part ¢)"

3 } 420  INPUT R:PRINT : PRINT * I5. R=";R;"KM"

e 430 PRINT : PRINT * ENTER THE RF LOSSES RFL IN db (pert d)°

" 440 INPUT RFL: PRINT : PRINT  16. RFL=",RFL;"db"

g 450  PRINT : PRINT * ENTER THE ILLUMINATION EFFICIENCY 1 (pert d)°
L 460 INPUT i : PRINT : PRINT * 17. ri="11

LD 470 PRINT : PRINT * ENTER THE CROSSOVER LOSSE Lco IN db®

480 INPUT Lco: PRINT : PRINT ~ 18. Lco=";Lco;"db"
P 490 PRINT : PRINT " ISTHE INPUT DATA CORRECT Y/N?*

‘.i_{i 500  INPUT A$
i 510 IFLEFTH(AS,1)="Y" ORLEFT$(AS,1)="y" THEN 1150
. 520 PRINT * WHAT OF THE FOLLOWING DO YOU WANT TO CHANGE?"
‘ 530 PRINT : PRINT * 1. OUTPUT PEAK POWER?"

; 540 PRINT : PRINT * 2. THE BORESIGHT ANTENNA GAIN?"
o S50 PRINT : PRINT * 3. THE OPERATING FREQ.?"
o 560 PRINT : PRINT * 4 THE RF LOSSES?"
i S70  PRINT: PRINT - 5. THE RECEIVER'S NOISE BANDWIDTH?"
Pl 580 PRINT : PRINT - 6. THERECEIVER'S NOISE FIGURE?"
" 590  PRINT : PRINT * 7. THE PULSE WIDTH?"
7 600 PRINT : PRINT *8.THE PRF?"
o2 610 PRINT :PRINT * 9. THE INTEGRATION TIME?"
: : 620 PRINT :PRINT - 10, THE WEATHER ATTENUATION?"
f y 630 PRINT : PRINT * 11. THE SKY TEMPERATURE?"
e 640 PRINT : PRINT - 12. THE TARGET'S RCS7"
"‘;?E 650 PRINT : PRINT * 13. THE PENCIL BEAMWIDTH?"
o 660 PRINT : PRINT - 14, THE (J/S) RATIO?"
B 670 PRINT : PRINT * 15, THE RANGE?"
I 680 PRINT : PRINT * 16. THE RF LOSSES for part c?°
2 690 PRINT : PRINT * 7. THE ILLUMINAT IONEFFICIENCY?"
; *:-E: 700 PRINT :PRINT * 18. THE CROSSOVER LOSS?"
g 710 INPUT C$
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720
730
740
750
760
770
780
790
800
820
830
840
8s0
860
870
880
890
900
810
920
930
940
950
960
970
980
990
1000
1010
1020
1030
1040
1050
1060
1070

IFC$="1"
IFC$="1"
IFC$="2"
IFC$="2"
IF C$="3"
IFC$="3"
IFC§="4"
IFC$="4"
IFC$="5"
IFC$="5"
IFC$="6"
IF C$="6"
IFC$="7"
IF C$="7"
IFC$="8"
IF C$="9"
IFC$="9"
IF C$="9"
IFC$="10"
IF C$="10"
IFC$="11"
IFCS="11"
IF C$="12°
IFC$="12"
IFC$="13"
IF C$="13"
iFC$="14"
IFC$="14"
IFC$="15"
IFC$="15"
IFC$="16"
IFC$="16"

THEN PRINT : PRINT " ENTER THE OUTPUT PEAK POWER Pt IN w"

THEN INPUT Pt:PRINT : PRINT * 1.Pt="P{;"W": GOTO 1090

THEN PRINT : PRIMT " ENTER THE BORESIGHT ANTENNA GAIN Gt IN db”
THEN INPUT Gt : PRINT : PRINT " 2. Gt=";Gt;"db™ : GOTO 1090

THEN PRINT : PRINT " ENTER THE OPERATING FREQ. 10 tn GHz"

THEN INPUT 10: PRINT : PRINT " 3. 10=";10,"GH2": GOTO 1090

THEN PRINT : PRINT " ENTER THE RF LOSSES Lp IN db”

THEN INPUT Lp: PRINT : PRINT " 4. Lp=";Lp;"db" : GOTO 1090

THEN PRINT : PRINT ° ENTER THE RECEIVER NOISE BANDWIDTH Bn IN MHz"
THEN INPUT Bn: PRINT : PRINT ° 5. Bn=";Bn;"MHz" : GOTO 1090

THEN PRINT : PRINT " ENTER THE RECEIVER NOISE FIGURE F IN db”
THEN INPUT F : PRINT : PRINT " 6.F=";1;"db": GOTO 1090

THEN PRINT : PRINT * ENTER THE PULSE WIDTHT INns®

THEN INPUT T : PRINT : PRINT * 7. T=",T;"ns": GOTO 1080

THEN PRINT : PRINT " ENTER THE P.R.F 1p INKHZ"

THEN INPUT fp: PRINT : PRINT © 8. fp=",fp;"KH2": GOTO 1090

THEN PRINT : PRINT " ENTER THE INTEGRATION TIME T1 INmsec.”
THEN INPUT T1: PRINT : PRINT ° 9. T1=";T1,"msec.”: GOTC 1090

THEN PRINT : PRINT “ENTER THE WEATHER ATTENUATION At IN db/KM"
THEN INPUT At : PRINT : PRINT * 10. At=";At;"db/KM": GOTO 1090
THEN PRINT : PRINT " ENTER THE SKY TEMPERATURE Ta IN KELVIN®
THEN INPUT Ta: PRINT : PRINT * 11. Ta=";Ta;"KELVIN": GOTO 1090
THEN PRINT : PRINT * ENTER THE TARGET RCS IN dbsm”

THEN INPUT RCS : PRINT : PRINT * 12. RCS=";RCS; dbsm": GOTO 1090
THEN PRINT : PRINT “ ENTER THE DEG. OF THE PENCIL BEAM PB (part )"
THEN INPUT PB : PRINT : PRINT * 13. PB=",PB;"Deqg.”: GOTO 1090
THEN PRINT : PRINT " ENTER THE (J/S) JS INdb (part b)"

THEN INPUT JS : PRINT : PRINT ° 14. (J/5)=",J5;"db" : GOTQ 1090
THENPRINT : PRINT ~ ENTER THE RANGE R IN KM (pert c)°

THEN INPUT R : PRINT : PRINT ° 15.R=",R;"KM" : GOTO 1090

THEN PRINT : PRINT " ENTER THE RF LOSSES RFL IN db (pert d)”

THEN INPUT RFL : PRINT : PRINT " 16. RFL=",RFL;"db" - GOTO 1090

IFC$="17" THEN PRINT : PRINT “ ENTER THE ILLUMINATION EFFICIENCY r1 (part a)°
[FC$="17" THEN INPUT ri . PRINT : PRINT “ 17. ri=";ri : GOTO 1090

IFC$="18"

THEN PRINT : PRINT * ENTER THE CROSSOVER LOSSE Leo iNdb”
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..‘ 1080 IF C$="18" THEN INPUT Lco : PRINT : PRINT " 18. Lco=",L.¢0;"ab" : GOTO 1090

’ 1090 PRINT : PRINT " IS EVERYTHING 0.K NOW?"

o 1100 INPUT BS

- 1110 IF LEFT$(B$,1)="y" ORLEFTS$(BS,1)="y" THEN 1150

,"" 1120 PRINT : PRINT ~ WHAT DO YOU WANT TO CHANGE AGAIN?"

§ ' 1130 PRINT:PRINT " HIT ANY KEY IN YOUR KEYBOARD AND EVERYTHING WILL WORK FOR YOU

<
4’ MALAKA®
o 1140 INPUTF$ :GOTDS30
% 1150 RETURN
4

1 360 TR0 S0 30 000 S00 3090 S0 30 3090 3040 30 40 3040 30 91 2050 0 0 020 b 0t 0 0

1170 *  PRINTS THE INPUT DATA

% ) ' lao g ryreyrrrs-rrerry -y il irirryllley

Zi‘ 1190 LPRINT : LPRINT TAB(30); * PROBLEM 3

'::Q. 1200 LPRINT TAB(30);" ---=------ -

~ 1210 LPRINT :LPRINT “G I VEN

= 1220 LPRINT * -------—- .

J 1230 LPRINT : LPRINT * 1. Pt=",PL:"W" SPC(10);" : OUTPUT PEAK POWER"
SO 1240 LPRINT : LPRINT ° 2.6t=";6;"db" SPC(8); * : BORESIGHT ANTENNA GAIN"
L 1250 LPRINT ; LPRINT ° 3. 10=";10;"GHz" SPC(S);  : OPERATING FREQ."

1260 LPRINT : LPRINT * 4,Lp=";Lp;"db" SPC(9); * : RF LOSSES"

; f' 1270 LPRINT :LPRINT " 5. Bn=";8n;"MHz" SPC(6); * : RECEIVER NOISE BANDWIDTH"
’. 1280 LPRINT :LPRINT - 6.F=";f;"db" SPC(9); " : RECEIVER NOISE FIGURE"
3 1290 LPRINT : LPRINT = 7.T=":T,"ns" SPC(G); * : PULSE WIDTH"
& 1300 LPRINT :LPRINT ° 8. p=";1p;"KHz" SPC(6); * : PRF"

s 1310 LPRINT :LPRINT* 9.T1=":T1;"msec.” SPC(S); " : INTEGRATION TIME"

o 1320 LPRINT: LPRINT * 10. At=";At;"db/KM" SPC(4); " : WEATHER ATTENUAT ION"
% {330 LPRINT:LPRINT * I |.Ta=";Ta;"KELVIN" SPC(2); ": SKY TEMPERATURE"
§ = 1340 LPRINT : LPRINT" 12.RCS=";RCS; dbsm" SPC(2); " : TARGET RCS"
} 1350 LPRINT :LPRINT * 13. PB=";PB;"Deg.” SPC(S); * : DEG. OF THE PENCIL BEAM"
by 1360 LPRINT :LPRINT * 14, (J/5)=",J5;"db" SPC(4); * : (/)"

e 1370 LPRINT :LPRINT * I5.R=":R;"KM" SPC(9): * : RANGE"
N 1380 LPRINT :LPRINT* 16. RFL=",RFL;"db" SPC(7); " : RF LOSSES for pert d"
e 1390 LPRINT :LPRINT " 17. r1=";r1 SPC(9);" : ILLUMINAT ION EFFICIENCY"
2% 1400 LPRINT : LPRINT " 18.Lco="Lco;"db" SPC(7);" : CROSSOVER LOSS"

(3 141C RETURN
1A

K
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] 420 S0 U090 9040 3090 3040 20 A0 S0 A0 S0 40 040 00 90 090 2040 30 SR 30 40 P A0 30 20 30 40 000 20 00

1430 ° SUBRUTINE THAT CONVERTSUNITS

1 440 S 0040 20 90 B30 30 A0 4090 3050 20 30 30 90 30 30 2000 40 48 0 38 30 4 20 30 30 98 30 48 20 98 2 %
1450 LET M=.4342945*

1450 LET P1=3.14159 : C=3*10"8

1470 LET 10=10%*109 : 1p=Tp*10°3

1480 LET R=R*10°3 : 1=C/f0

1490 LETGt1=6t/10:Gt2=CINT(10°GL1)

1500 LETLpi=Lp/10:Lp2=10'Lpl

1510 LETRCS1=RCS/10:RCS2=CSNG(10°RCS1)
1520 LETra=10"(-1/10)

1530 LETGtot=6t+RFL:Glot1=6lot/10: Glot2=CINT(10°Glot1)
1540 LETLcol=Lco/10:Lco2=CSNG(10(-Lco1))
1550 LET Gd=G1+RFL+Lco

1560 LET Gd1=6d/10:6d2=10"6d|

1570 RETURN

1 580 CSHAE 090 000 S0 40 00 20 S0 S0 90 3000 020 020 20 40 0 4 S0 40 R A N R N RN NN N

1590 * PRINTS THE RESULTS

|600 CARR AR R0 A0 A0 A0 30 30 1030 3030 0 40 2090 3050 30 46 30 4 3040 3 20 0 40 90 40 20 40 0

1610 PRINT : PRINT : PRINT " PART (o) :°

1620

1630

1640

1650 LETRu=c/{241p)*{1/1000)

1660 PRINT : PRINT “ 8. Ru=";Ru;"KM"; : MAX. UNAMBIGUOUS RANGE"

1670 LPRINT : LPRINT " 8. Ru=";Ru;"KM"; " : MAX. UNAMBIGUOUS RANGE"

1680 PRINT : PRINT : PRINT “ PART (b) :°

1690

1700

1710

1720 LET G=412501/(PB"2) : Ae=1"2*G/(4*P!)

1730 LET Ge=JS*(Lp2°2)*RC52/(Ae*G)

1740 LET Ge 1=CSNG(10*M*L0G(Ge))

1750 PRINT :PRINT " b.Ge=";Ge!; "db"; ": REPEATER GAIN REQUIRED FQR (J/5)=";J5;"db"
1760 LPRINT:LPRINT "b.Ge=";Ge;°db"; ": REPEATER GAINREQUIRED FOR (J/5)=":J5, db"
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1770
1780
1790
1800

PRINT : PRINT : PRINT * PART (c) =*
1]} —— -

LPRINT : LPRINT : LPRINT * PART (c) :"
LPRINT * -——-—-==-- -

1810 LETPout=Pt*Gt2*(10°(-At/ 10))*Ae*Ge/(4*P1*R"2*Lp2)

1820
1830
1840
1850
1860
1870
1880
1890
1900
1910
1920
1930
1940
1950
1860
1970
1880
1990
2000

LET Pout=CSNG(Pout*1000)  ‘mW

PRINT : PRINT " c. Pout=";Pout;"mw"; “ : JAMMER OUTPUT POWER"
LPRINT : LPRINT ° c. Pout=";Pout;"mW"; * : JAMMER OUTPUT POWER"
PRINT : PRINT : PRINT " PART (@) :°

LET D=CSNG(1/P!*SQR(Gtot2/(ra*r1))*100) ‘cm

PRINT : PRINT * d. D=",D;"cm"”; *: DIAMETER OF THE SEEKER DISH ANTENNA"
LPRINT: LPRINT “d.D=";0;"cm"; " : DIAMETER OF THE SEEKER DISH ANTENNA"
PRINT : PRINT : PRINT * PART (e) :°

LPRINT :LPRINT : LPRINT " PART (e):"
LPRINT " ---------- )

LET THb=5QR(412531/6d2)

LET THq=({LOG(Lc02))/(-2.776))(1/2)*THb: THq=CSNG(THq)
PRINT : PRINT " e. THq=";THq;"Deg.”; ": SQUINT ANGLE"
LPRINT : LPRINT ° . THq=",THq;"Deg.”; ": SQUINT ANGLE"
RETURN
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oy PROBLEM®3
ﬁ’ GIVEN
:';3 1Ptz | W : OUTPUT PEAK POWER
1 2.6t=38 b : BORESIGHT ANTENNA GAIN
934 3.10:93.7GH2  : OPERATING FREQ.
T 4.lp=3db . RF LOSSES
% S.Bn=S00MHz  :RECEIVER NOISE BANDWIDTH
E 6.F= 11db : RECEIVER NOISE FIGURE
oy 7.7=50ns  PULSE WIDTH
k3 8.fp= 100kHz  PRF
e 9.Ti=SOmsec.  :INTEGRATION TIME
o 10.At= 40b/KM  : WEATHER ATTENUATION
R 11.Ta= 270 KELVIN : 5KY TEMPERATURE
e 12.RCS= 148 dbsm :TARGET RCS
o 13.PB= 10Deg.  :DEG. OF THE PENCIL BEAM
- 14.(J/S)=10db  :(J/S)
o 15.R= 1 KM : RANGE
i 16.RFL= 1 0b : RF LOSSES for part d
«:3;;‘ i7.r= 6 : ILLUMINATION EFFICIENCY
o 18. Lco= 1 a0 : CROSSOVER LOSS
A
ot PART (a):
£ 8.Ru= 1.5 KM: MAX. UNAMBIGUOUS RANGE
°
o PART (b):
. b. Ge=39.376 db : REPEATER GAIN REQUIRED FOR (J/S)= 10 db
- SART0):
“ ¢.Pout= 658952 mw JAMMER DUTPUT POWER
o
a:-‘:
s
s
158
o
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PART (d):

L0 P AN

PLAAPTSP

A anss

D= 13.1568 cm: DIAMETER OF THE SEEKER DISH ANTENNA

L

RT (2
.TH3=.38456 Cag.: SQUINT ANG
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}3 10 PRINT : PRINT TAB(30); “ PROBLEM #4"

o 20  PRINT TAB(30); * --------="

b 30 GOSUB 100 :GOSUS 1050 : GOSUB 1300

L 40  GOSUB 1480: GOSUB 1640 : GOSUB 1800 : 50SUB 1960

2 50  PRINT : PRINT * DO YOU WANT TO TRY AGAIN FOR DIFFERENT OR THE SAME DATA ¥/N7"

i 60  INPUT DS |

76 IFLEFTS(DS, 1)="v" ORLEFT$(DS,1)="y" THEN 30

i 80  END

:‘ ,~ go SUE SRR A A RN R RN RN

:: : 100 INPUTS THE DATA

:! "'1 11O T30 00 03040 320 0 S0 20 20 30 20 A0 A S R BB R

- 120  PRINT: PRINT * ENTER THE ARRAY SIZE d1,d2 IN METERS"

A 130 INPUT ¢1,02: PRINT : PRINT = 1. d1x02=";d1"x"d2" m"

s 140 PRINT : PRINT " ENTER THE OPERATING FREQ. 0 IN GHz"

¥ 160 INPUT f0: PRINT : PRINT * 2. 10=";10;"GHZ"

O 170 PRINT : PRINT " ENTER THE FEED & PHASE SHIFTER LOSSES Lfp IN db”

o 180 INPUT Lfp: PRINT : PRINT * 3. Lfp=",L1p;"db"

& 190 PRINT : PRINT * ENTER THE SIDELOBE LEVEL S.L IN db”
200 INPUT S.L:PRINT : PRINT " 4. 5.L="5.L;"db"

o 210 PRINT : PRINT " ENTER THE ILLUMINATION EFFICIENCY ri”

b 220 INPUT rf : PRINT : PRINT * 5.r1=";r"

P
[ RN R

: 239 PRINT : PRINT " ENTER THE OUTPUT POWER Pa IN Mw"
240 INPUT Pa:PRINT : PRINT * 6. Pa=";Pa;,"Mw"

250 PRINT . PRINT " ENTER THE VALUE OF THE TWO T.W"
260 INPUT T.W:PRINT PRINT * 7.T.W="T.W

v
':'I

o

oy 270  PRINT : PRINT " ENTER THE WEIGHTING FILTER LOSSLm IN db”
o 280  INPUT Lm: PRINT : PRINT * 8. Lm=";Lm;"db"

28 290  PRINT : PRINT " ENTERTHE VALUE OF THE MIN. OUTPUT FOR AUTOMAT IC DETECTION,S | IN
o db"

v

o

on

o

N

i

i

®

>

o 200




300
pi 310
320
330
340
350
360
. 370
R 380
390
400
410
420
430
b 450

Sy
B

€1 T 4,
PRSI

460
_ 470
. 480
490
N 500
* 510
520
530
ol 540
- 550
. 560
; 570
pe 580

INPUT S1: PRINT : PRINT ° 9. (S/N)min=",51,"db"

PRINT : PRINT * ENTER THE R.C.S OF THE CRUISE MISSILES Sav IN dbsm®

INPUT Sav: PRINT : PRINT " 10. Sev=";58v;"dbsm”

PRINT : PRINT " ENTER THE RANGE OF THE TWO NOISE JAMMERS R IN KM”

INPUT R: PRINT :PRINT " 1 1. R=";R;"KM"

PRINT : PRINT " ENTER THE #0F CARCINOTRONS THAT EACH JAMMER CARRIES Cr”

INPUT Cr: PRINT : PRINT * 12.Cr=",Cr

PRINT : PRINT " ENTER THE ERP PJ INKW"

INPUT PJ : PRINT : PRINT ~ 13.P}=";P};"KW/tube"

PRINT : PRINT “ENTER THEPROPAGATIONFACTOR g°

INPUT g:PRINT : PRINT “ 14.g=",9

PRINT : PRINT "NOW G0 TO PART c&e OF THE PROBLEM AND ENTER THE FOLLOWING "
PRINT : PRINT " ENTER THE RANGE THAT THE CRUISE MISSILE 1S ILLUMINATED R : INKM®
INPUT R1:PRINT : PRINT " 15.R1=";R1;"KM"

PRINT : PRINT " ENTER AGAIN THE RANGE THAT THE CRUISE MISSILE IS ILLUMINATED R2 IN

‘:" ‘0
% é

KM (for parte)"

INPUT R2: PRINT : PRINT ~ 16. R2=";R2;"KM"
PRINT : PRINT " ENTER THE INTEGRAT ION EFFICIENCY E1”

“INPUT E1 : PRINT : PRINT * 17. Ei(n)=";E1

PRINT : PRINT * {S THE INPUT DATA CORRECT Y/N?"

INPUT A$

IF LEFT$(AS,1)="Y" OR LEFT$(AS$,1)="y" THEN 1030

PRINT : PRINT * WHAT OF THE FOLLOWING DO YOU WANT TO CHANGE?"

PRINT : PRINT " |. THE SIZE OF THE ARRAY?", “ 2. THE OPERATING FREQ.?"

PRINT : PRINT ° 3. THE FEED AND PHASE SHIFTER LOSSES?", * 4. THE SIDELOBE LEVEL?"
PRINT : PRINT - 5. THE ILLUMINATION EFFICIENCY?", “6. THE OUTPUT POWER?"

PRINT : PRINT " 7. THE VALUE OF THE TWO TW?", 8. THE WEIGHTING FILTER LOSS?"
PRINT : PRINT " 9. THE VALUE OF THE (S/N)min?", * 10. THE RCS OF THE CRUISE MISSILE?"
PRINT : PRINT * | {. THE RANGE OF THE TWO NOISE JAMMERS?",
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590 PRINT:PRINT * 12. THE #OF CANCINOTRONS?", " 13. THE ERP?"

600 PRINT :PRINT ° 14.THE PROPAGATION FACTOR?", ™ 1S. THE RANGE OF THE CRUISE MISSILE
(pertc)?”

510 PRINT:PRINT “ 16. THE RANGE OF THE CRUISE MISSILE (part 2)?°, “ [ 7. THE INTISRATION
EFFICIENCY?"

6520 INPUTCS

630 IFC$="1" THEN PRINT:PRINT “ENTER THE ARRAY SI2E d1,d2 INMETERS"

640 IFC$="1" THEN INPUT d1,d2:PRINT: PRINT * 1.d1xd2=";d1"x"d2" m" : GOTO 970

650 |IF C$="2" THEN PRINT :PRINT “ENTER THE OPERATING FREQ. 0 IN GHz"

660 IFC$="2" THEN INPUT fQ:PRINT : PRINT " 2. 0=",;10;"GH2": GOT0 970

670 IFC$="3" THEN PRINT :PRINT " ENTER THE FEED & PHASE SHIFTER LOSSES Lfp IN db”

680 IF C$="3" THEN INPUT Lfp:PRINT:PRINT “3.Lfp=";Lp;"db": GOTO S70

590 IFC$="4" THEN PRINT :PRINT “ENTER THE SIDELOBE LEVEL S.L IN db”

700 JFC3$="4" THEN INPUTS.L:PRINT:PRINT "4.51=",5L;"db": GOTO 370

710 IFC$="S" THEN PRINT :PRINT “ENTER THE ILLUMINATION EFFICIENCY rt”

720 IFC$="S" THEN INPUT ri :PRINT : PRINT * 5. ri=";ri : GOTO 970

730 IFC$="6" THEN PRINT : PRINT “ENTER THE QUTPUT POWER Pa IN Mw"

740 IF C$="6" THEN INPUT Pa:PRINT :PRINT " 6. Pa=";Pe;"Mw": GOT0 970

750 IFC$="7" THEN PRINT :PRINT “ENTER THE VALUE OF THE TWOT.W"

T60 IFC$="7" THEN INPUTT W :PRINT:PRINT "7 T.W="T.W:G0TO 970

770 IFC$="8" THEN PRINT:PRINT “ENTER THE WEIGHTING FILTER LOSSLm INdb®

780 (FC$="8" THEN INPUT Lm:PRINT :PRINT "8.Lm="Lm;"db": GOTO 870

780 (FC$="9" THEN PRINT :PRINT “ ENTER THE VALUE OF THE MIN. OUTPUT FOR
AUTOMATICDETECTION,S1iNdb"

800 IFC$="9" THEN INPUT S1:PRINT: PRINT " 9.(5/N)min=",51;"ab": GOTO 970

B10 IFC$="10" THEN PRINT: PRINT "ENTER THE R.C.S OF THE CRUISE MISSILES Sav IN
dbsm”

820 IFC$="10" THEN INPUT Sav:PRINT : PRINT " 10. Sav=";Sav;"dbsm": GOTQ 970

B30 IFC$="11" THEN PRINT :PRINT " ENTER THE RANGE OF THE TWO NOISE JAMMERS R IN
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ILLUMINATEDRI INKM®

920 IFC$="15" THEN INPUT R1:PRINT: PRINT “ 15.R1=";RI;"KM" :GOT0D 870

930 IFC$="16" THEN PRINT : PRINT " ENTER AGAIN THE RANGE THAT THE CRU!SE MISSILE
IS ILLUMINATED R2 IN KM (for part )"

840 IFC$="16" THEN INPUT R2:PRINT : PRINT " 16.R2=";R2;"KM" : GOTO 970

950 IFC$="17" THEN PRINT : PRINT " ENTER THE INTEGRATION EFFICIENCY E{"

960 IF C$="17" THEN INPUT E! : PRINT : PRINT ~ 17.E{(n)=",E1 : GOTO 970

970 PRINT :PRINT IS EVERYTHING 0.K NOW?"

840 IFC$="11" THEN INPUT R:PRINT : PRINT * 11.R="R;"KM" : GOT0 970
850 IFC$="12" THEN PRINT : PRINT " ENTER THE #OF CARCINOTRONS THAT EACH JAMMER
CARRIESCr
S 360 IF C$="12° THEN  INPUT Cr:PRINT : PRINT * 12.Cr="Cr: GOT9 $7¢
- 870 IFC$="13" THEN  PRINT : PRINT “ ENTER THE ERP PJ INKW"
880 IFC$="13" THEN INPUT PJ:PRINT : PRINT = 13.PJ=";PJ;"KW/tube" : GOTO 70
890 IFC$="14" THEN PRINT : PRINT “ENTER THE PROPAGATIONFACTOR g°
900 IFC$="14" THEN  INPUT g: PRINT : PRINT * 14.g=";g : GOT0 970
910 IFC$="15" THEN PRINT : PRINT " ENTER THE RANGE THAT THE CRUISE MISSILE IS

980 INPUT B$

990 IFLEFT$(BS.1)="y" ORLEFTH(BSY,1)="y" THEN 1030

1000 PRINT: PRINT * WHAT DO YOU WANT TO CHANGE AGAINT”

1010 PRINT : PRINT "HIT ANY KEY IN YOUR KEYBOARD AND EVERYTHING WILL WORK FOR Y0U
MALAKA®

1020 INPUTF$ :GOTOS30

1030 RETURN

] 040 R AL AT I oAl ISt al iy Yy

1050 - PRINTS THE INPUT DATA

I 060 TI0 A AP A A0 A0 AP A A A A0 A0 2 T A DA 2 0

1070 LPRINT : LPRINT TAB(30); " PROBLEM *4°
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A0 1080 LPRINT TAB(30);" ---------="

22N 1090 LPRINT :LPRINT "6 | VEN"

Y 1100 LPRINT "-----=--- "

oy 1110 LPRINT : LPRINT * 1. d1xd2=";d1"%"d2" m" TAB(20); " : ARRAY SIZE"

oo 1126 LPRINT :LPRINT * 2. 10=";10;"GHZ"TAB(20); * : OPERATING FREQ."

v 1130 LPRINT : LPRINT " 3.L1p=",L1p;"db" TAB(20);" : FEED & PHASE SHIFTER LOSSES™
%

i 1140 LPRINT : LPRINT " 4. S.L=";S.L;"db" TAB(20); " : SIDELOBE LEVEL"

o 1150 LPRINT :LPRINT °S.ri=";r TAB(20); *: ILLUMINATION EFFICIENCY"

-2 1160 LPRINT : LPRINT " 6. Pa=";P8; Mw" TAB(20); *: OUTPUT POWER"

g 1170 LPRINT :LPRINT “7. T.W=";T.W TAB(20); *: VALUE OF THE TWO TW"

1180 LPRINT : LPRINT * 8.Lm=",Lm;"db" TAB(20);" : WEIGHTING FILTER LOSS"

‘ :.3-:; 1190 LPRINT :LPRINT " 9. (S/N)min=";51;"db" TAB(20); " :(5/N)min FOR AUT.DETECTION"
K 1206 LPRINT : LPRINT * 10, Sav=";Sav;"dbsm" TAB(20); *: R.C.S FOR THE CRUISE MISSILE"
oW 1210 LPRINT : LPRINT * 11.R="R;"KM"TAB(20); " : RANGE OF THE TWQ NOISE JATMERS"

. 1220 LPRINT : LPRINT * 12, Cr=";Cr TAB(20); *: #OF CANCINGTRONS"

o 1230 LPRINT : LPRINT " 13.P§=",P{;"KW/tube" TAB(20); " : ERP VALUE"
o 1240 LPRINT: LPRINT " 14. g="; TAB(20); ": PROPAGATION FACTOR"

o 1250 LPRINT : LPRINT * S.R1="R1;"KM"TAB(20); " : RANGE OF THE CRUISE MISSILE (part c)”
| 1260 LPRINT : LPRINT * 16.R2=",R2;"KM" TAB(20); * : RANGE OF THE CRUISE MISSILE (part e)” -
: :«‘ 1270 LPRINT :LPRINT * 17.Ei(n)=";E1 TAB(20); *: INTEGRAT ION EFF ICIENCY"

N 1280 RETURN
) R t 120 (1% 940909 3090 53890 9030 5058 5090 90 30 30 00 S0 3000 S0 90 0000 3090 4090 20 24 20 20 0 20
o N 1300 ' CALCULATION AND PRINTOUT FORPART e:
: Et ‘3]Ul.l&l&&.l’{&lll.&ii!l!"I.&’I*M\IIGQ!&.*
aeh 1320 PRINT : PRINT : PRINT " PART &
L 1330 LPRINT :LPRINT : LPRINT ° PART &:"
. 1340 PRINT * ------- :
i 1<
130 1350 LPRINT "-~----- :
3 §3 1360 LET P1=3.14159 : 0=10*109 : C=3*10"8
O3
N
e
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o
5%
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j;a. 1370 LET A=d1*d2

E 1380 LET1=C/10

" 1390 LETLfp1=10"(-Lfp/10)
o 1400 LET Ae=CSNG(A*LTp1*r)

ot 1410 LET GP=CINT(4*PI*Ae/(1°2))

23;; 1420 PRINT:PRINT * 1{a). Ae=A*L{p1*ri=";Ae;"sq.m"; " EFFECTIVE AREA OF THE PHASED
e ARRAY"

) 1430 LPRINT :LPRINT * 1(a). Ae=A®Lfp1%ri=";Ae;"sq.m";" : EFFECTIVE AREA OF THE PHASED
~ ARRAY"

;E‘.( 1440 PRINT : PRINT * 2(a). Gp=4*PI*Ae/(1°2)=",6p; " : POWER GAIN OF PHASED ARRAY"
,sé’ 1450 LPRINT :LPRINT * 2(a).Gp=4*PI*Ae/(1°2)=",Gp; " :POWER GAIN OF PHASED ARRAY"
. 1460 RETURN

:1-. ] 470*l***.f’*'***”.*-*.’.*”*’Q*’*"*.***!*

t'{. 1480 * CALCULATION AND PRINTOUT FOR PART b:

:t‘\‘:\. ] 490‘*****'***'*'l*******************Q*******

2 1500 PRINT : PRINT : PRINT * PART b:"

1 1510 LPRINT : LPRINT : LPRINT * PART b:"
S 1520 PRINT * =----—- .
13 1530 LPRINT *~-nmn=- -

. 1S40 LET PJ=P{*10°3

3 1550 LETLmI=Lm/10:Lm2=10Lm1

354 1560 LET R=R*10'3

» 1570 LET J=CSNG(2*Cr*P{*Ae/(4*PI*R"2*Lm2%T W)
\ 1580 LET J 1=CSNG(10%.4342945%*L0G(J)) ‘dbw VALUE
"f 1590 LET J2=CSNG(J1+30) ‘dbm VALUE ~ | h
e 1600 PRINT:PRINT " 1(b).J=GJ*P|**Ae/(4*PI*R"2*Lm2*T.W)=",J:"W";" OR",J 1 ;"dbw";" OR
.'Q *J2;°dbm”
o 1610 LPRINT :LPRINT * 1(b).J=6{*P{%*Ae/(4%PI*R"2%Lm2)=",J; W™ OR™;J 1" dow™ ;"
105 OR"J2;"dbm’
»§
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1620 RETURN

1 630’QC.’l’G!Q!’llﬂl*.'l.**...ll!ﬂ* 200NN NNRN

1640 * CALCULATION AND PRINTOUT FOR PART c:
]650&****0*#“’******ﬂ.!*ll‘lﬁ*IGD*'QU*’***.*

1660 PRINT : PRINT : PRINT " PART c:”

1670 LPRINT :LPRINT : LPRINT " PART c:"

1680 PRINT * --~--=-"

1690 LPRINT “-=--=-= -

1700 LET Pa=Pa*10°6

1710 LET Slav=10"(-Sev/10)

1720 LETRI=RI*10°3

1730LET S2=CSNG(Pa*Gp*S 1 av*Ae/((4*PI*R1°2)(2)))

1740 LETS3=CSNG(10%*.4342945*%L06(52)) ‘dbw

1750 LET S4=CSNG(S3+30) ‘dbm

1760 PRINT :PRINT" 1(c). S=Pa*Gp*S lav*Ae/((4*Pi*R 1°2)X2))=",52;"W";"OR",53,"dbw"," IR
*;54;"dbm”; " : SINGLE PULSE ECHO SIGNAL POWER"

1770 LPRINT :LPRINT " 1(c). 5=Pa*Gp*S 1 av*Ae/((4*PI1*R 1°2)(2))=",52;"W"," OR";S 3, dbw";"
OR";S4;"dbm"; " : SINGLE PULSE ECHO SIGNAL POWER"

1780 RETURN

1 790‘!Q*.!*Q0!0*OIIQUQQ*”*.‘I!.***Q*Q***Ql.*

1800 " CALCULATION AND PRINTOUT FORPART ¢

] 8 ] U‘I‘l!Ql'*'*!*'QIi’!l!l!.***********!i**’!
1820 PRINT : PRINT : PRINT " PART d:"

1830 LPRINT :LPRINT : LPRINT " PART &:"

1840 PRINT * --==~-- -

1850 LPRINT *=~--uu- :

1860 LETT.W 1=10*.4342945% 4 0G(T.W)

1870 LET B=CSNG(J2-54)

1880 LET C=CSNG(-B+T.W1-Lm)
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1890 LET C=-C o | o
1900 PRINT : PRINT * 1(d). (J/SMn=J2-54=";8;"dbm"; " : THE SINGLE PULSE (J/5) AT THE
RECEIVERINPUT"

o 1910 LPRINT : LPRINT * 1(d). (J/S)in=J2-5d="8;"dbm"; : THE SINGLE PULSE (J/5) AT THE
RECEIVERINPUT"

1920 PRINT : PRINT * 2(d). (S/J)0ut=(S/J)n+(T.W)-Lm=",C;"db"; ": THE SINGLE PULSE (J/5) AT

o THERECEIVER OUTPUT"

) 1930 LPRINT :LPRINT “2(d). (5/J)out=(S/J)In+(T.W)-Lm=";C;"dbm"; *: THE SINGLE PULSE (J/5)

;i '“5": ; AT THE RECEIVER OUTPUT"

e 1940 RETURN

{l"‘ | ‘ 950*‘!*!**’*****‘*.*’*.Q*!**l****l********

" 1660 ' CALCULATION AND PRINTOUT FORPART e:

x;‘:t' 1 g?U*****Q***‘*G*.Q**!**&’Q****************

S8

“,Q 1980 PRINT ; PRINT : PRINT " PART e.”

P 1990 LPRINT :LPRINT : LPRINT ° PART e:"

" 2000 PRINT = ------- -

! ‘25 2010 LPRINT *-=~---- -

';53‘ 2020 LET 1i=51+C

oy 2030 LET H1=1H/10:112=10"11

5 2040 PRINT :PRINT * 1(e). 1i{n)=n="CINT(112); *: #OF PULSES INTEGR. INPERFECT INTEGRATOR"

3 E 2050 LPRINT :LPRINT * 1(g). 11(n)=n=";CINT(112);" : #OF PULSES INTEGR. INPERFECT

L% ™

st INTEGRATOR"

b 2,

A 2060 RETURN
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. PROBLEM®4

P

)

3

3.:' GIVEN

o 1.d1xd2=3.65% 3.65m :ARRAY SIZE

X 2.10= 3.36HZ : OPERATING FREQ.

N 3.Lp=25db : FEED & PHASE SHIFTER LOSSES

%;; 4.5.L=30db : SIDELOBE LEVEL

W 5.1= 5 . ILLUMINATION EFFICIENCY

Y 6.Pa= 4 Mw : OUTPUT POWER

X 7.T.W= 1000 : VALUE OF THE TWO TW

N 8.Lm=3db | WEIGHT ING FILTER LOSS

O 3. (S/N)min= 13 db : (S/N)min FOR AUT. DETECTION

& 10. Sev= 3 gbsm : RC.5 FOR THE CRUISE MISSILE

1 11.R= 100 KM - RANGE OF THE TWO NOISE JAMMERS

o 12.Cr= 18 . #0F CANCINOTRONS

| 13.P)= 10 KW/tube :ERP VALUE
3 ag 14321 ' PROPAGATION FACTOR

oy 15.R1= 80 KM : RANGE OF THE CRUISE MISSILE (pert c)
o 16.R2= 80 KM : RANGE OF THE CRUISE MISSILE (part e)
:s) 17.Ef(n)= 1  INTEGRATION EFFICIENCY

> PagTs
- 1(a). Ae=A*L1p 1 *r1=3.7459 sq.m: EFFECTIVE AREA OF THE PHASED ARRAY
S, 2(a). Gp=d*PI*Ae/(1°2)= 5696 : POWER GAIN OF PHASED ARRAY
)s:-
"‘:E PART b
o 1(b). J=G§*P|**Ae/(4*P|*R"2*LM2*T W)=5.37835 E-09 W OR-B2.6935 dbwOR -52.6335 dbm
o ]
:: PART ¢:
s 1{0). 5=Pa*Gp*5 lay*Ae/((4*P1*R 1°2)(2))= 5.6 3130- 12WCR - | 11,796 aow OR -8 | 756 3om
LS SINGLE PULSE ECHE SIGHAL POWER
33
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e PART &
1(d). (4/S)in=J2-54= 26.1025 dbm: THE SINGLE PULSE (J/S) AT THE RECEIVER INPUT
2(a). (S/J)out=(S/J)in+(T.W)-Lm=2.1025 db : THE SINGLE PULSE (J/S) AT THE RECZIVER JLTFU™

; AT & |
1(6). 11(n)=n= 32 : #OF PULSES INTEGR. IN PERFECT INTEGRATOR

- )

4

b "l‘;s"" R =S s .
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ol r.:ﬂ:.(',n" q.{n _q A '-"‘r e
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4, J'O. :;:-

10 PRINT : PRINT TAB(30) " PROBLEM #5°
20  PRINT TAB(30); © --=---==-"

30 GOSUB 100:GOSUB 1120:G0OSUB 1480
40  GOSUB 1€80

B
S A A A

e
-

P
-

T 320 PRINT : PRINT * ENTER THE ANTENNA SCAN RATE Sr°

0% 330 INPUT Sr:PRINT : PRINT * | 1.5r=";5r;"scans/sec"

o 340 PRINT : PRINT * ENTER THE OUTPUT POWER GF THE JAMMER P§ IN "
! 350  INPUT Pj:PRINT : PRINT " 12.PJ="Pj;"W"

e S PRINT: PRINT * DO YOU WANT TO TRY AGAIN FOR DIFFERENT OR THE SAME DATA v/N7"
30} 60  INPUTD$
3} 70 IFLEFT$(DS,1)="y" ORLEFT$(DS,1)="y" THEN 30
) 80  END
g: 90 4040 A0 A0 40 3044 4040 20 20 40 40 40 40 00 30 A0 20 50 20 A0 2020 20 20 20 A0 20 40 N N
b 100 INPUTS THE DATA
“ 1 '0 S0 AP0 3b I8 90 20 30 40 40 20 0 30 30 90 46 30 40 30 20 28 90 30 40 20 40 30 40 30 40 20 2
, 120 PRINT : PRINT " ENTER THE OPERATING FREQ 10 IN GHz"™
i 130 INPUT 10: PRINT : PRINT * 1. 10=":10;"GHz"
% 140 PRINT : PRINT " ENTER THE PEAK POWER Pa IN KW
- 150 INPUT Pa:PRINT : PRINT * 2. Pa=";Pa;"KW"
L2 160  PRINT : PRINT " ENTER THE ANTENNA MAIN BEAM GAIN Ga IN db”
s 170 INPUT Ga: PRINT : PRINT * 3. Ga=";Ga;"db"
e 180 PRINT : PRINT “ ENTER THE ANTENNA SIDELOBE GAIN Gp IN db”
i © 190 INPUT Gp: PRINT : PRINT ~ 4. Gp=";Gp;"db"
. 200  PRINT : PRINT * ENTER THE PRF IN MHz"
- 210 INPUT fp: PRINT : PRINT * 5. fp=";1p;"MHz"
x 220 PRINT : PRINT * ENTER THE PULSE WIDTHT INmicsec.”
0 230 INPUT T: PRINT : PRINT * 6. T="T; micsec."
e 240 PRINT : PRINT " ENTER THE RECEIVER NOISE FIGURE F IN db”
23] 250 INPUT F: PRINT : PRINT * 7.F="F"db"
*%’ 260 PRINT :PRINT * ENTER THE RECEIVER NOISE BANDWIDTH Bn IN MHZ"
2 270 INPUT Bn: PRINT : PRINT * 8. Bn=";8n;"MHz"
2 280 PRINT : PRINT * ENTER THE ANTENNA NOISE TEMPERATURE Ta IN KELVIN®
*{f 290 INPUT Ta: PRINT : PRINT * 9. To="Ta; KELVIN"
o 300 PRINT :PRINT * ENTER THE ANTENNA SECTOR COVERAGE Ss IN Deg.”
r 310 INPUT Ss:PRINT : PRINT * 10. Sg=";58; Deg.”

ot e
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Op s

pees 360  PRINT : PRINT * ENTER THE RF NOISE BANDWIDTH OF THE JAMMER BrT IN MHz"
% 370  INPUT Brf: PRINT : PRINT * 13. Brf="Brf;"MHz"

- 380  PRINT : PRINT * ENTER THE ANTENNA GAIN OF THE JAMMER GJ IN db”

390 INPUT Gj: PRINT : PRINT * 14, 6]=";6{;"cb"

N 400 PRINT : PRINT * ENTER THE RANGE WHERE THE JAMMER 15 POSITIONED R IN <t
o 410 INPUT R: PRINT : PRINT * 15. R="R; K"

Iy 420 PRINT : PRINT " ENTER THE (J/S) RATI0J.S IN db”

») 430  INPUT J5 : PRINT : PRINT *16.J.5=",J.5;"db"

s 440  PRINT : PRINT * ENTER THE CAMOFLAGE FAC. "R CF IN db®

fi 450 INPUT CF : PRINT : PRINT * 17, CF="CF;"db"

e 460  PRINT : PRINT * ENTER THE PLUMBING LOSSES Lp IN db”

- 470 INPUT Lp: PRINT : PRINT * 18, Lp=",Lp;"db"

12 480 PRINT : PRINT “ENTER RANGE AT WHICH THE MORTOW ROUND PASSES THROUGH THE
! RADAR BEAMR1 INKM"

o 480 INPUT R1:PRINT : PRINT * 19. R1="R1;"KH"

2 500 PRINT : PRINT * IS THE INPUT DATA CORRECT ¥/N?"

Kt 510 INPUT A$

R 520 IF LEFTS(AS, 1)="Y" OR LEFT$(AS, 1)="y" THEN 1 100

bl 530 PRINT : PRINT * WHAT OF THE FOLLOWING DO YOU WANT TO CHANGE?"

ad 540 PRINT :PRINT * |. THE OPERATING FREQ.?"," 2. THE PEAK POWER?"

550 PRINT : PRINT ° 3. THE ANTENNA MAINBEAM GAIN?",” 4 THE ANTENNA SIDELOBE GAIN?”

U
L3
¥

o 560 PRINT :PRINT - S.P.RF?"," 6. THE PULSE WIDTH?"

N 570  PRINT: PRINT = 7.THE RECEIVER NOISE FIGURE?", 8. THE RECEIVER NOISE BANDWIDTH?"
580 PRINT: PRINT ~ 9.THE ANTENNA NOISE TEMPERATURE?",* 10. THE ANTENNA SECTOR

v COVERAGE?"

e 590 PRINT : PRINT * 1 1. THE ANTENNA SCAN RATE?"," 12. THE JAMMER'S OUTPUT POWER?"
'3 600 PRINT :PRINT * 13. THE JAMMER'SRF NOISE BANDWIDTH?"* 14. THE JAMMER'S ANTENNA
Y7 GAIN?"

o 620 PRINT : PRINT * 15. THE RANGE POSITION OF THE JAMMER?",* 16. THE (J/S) OF THE

85 JAMMER?"

>
PRASH

630 PRINT :PRINT * 17. THE CAMOFLAGE FACTOR?",” 18. THE PLUMBING LOSSES?"

640 PRINT :PRINT ° 19. THE RANGE AT WHICH THE MORTOW ROUND PASSES THROUGH THE
RADARBEAM?"

559 iNPUTCY

YRR
i
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K
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660 IFC$="1" THEN PRINT : PRINT “ENTER THE CPERATING FREQ 10 IN GHz™"
£
o
N
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o)
%‘jﬁ 670 IFC$="1" THEN INPUT fO: PRINT : PRINT * 1. 10=",10,"GH2" : GOTO 1040
o 680 IFC$="2" THENPRINT : PRINT " ENTER THE PEAK POWER Pa INKW"

690 IFC$="2" THEN INPUT Pa:PRINT : PRINT ° 2. Pa=";Pe;"KW" : GOTO 1040
700 IF C$="3" THEN PRINT : PRINT "ENTER THE ANTENNA MAIN BEAM GAIN Ga IN 1b”

158

28 710 IFC$="3" THEN INPUT Ga: PRINT : PRINT ° 3. Ge=",Ge;"db" : GOTO 1040

s 720 IF C$="a" THEN PRINT : PRINT “ENTER THE ANTENNA SIDELOBE GAIN Gp IN db”

) 730 IFC$="4" THEN INPUT Gp: PRINT : PRINT 4. Gp=";6p;"db" : GOTO 1040

E;E;"; 740 IFC3="S" THENPRINT : PRINT " ENTER THE PRF IN MHz"

e 750 IFC$="S" THEN INPUT fp:PRINT : PRINT " 5. p=";fp;"MHz": GOTO 1040

i 760 IFC$="6" THENPRINT : PRINT “ ENTER THE PULSE WIDTHT IN micsec.”

B 770 IFC$="6" THEN INPUT T: PRINT : PRINT * 6. T="T; micsec.”: GOTO 1040

s 780 IFC$="7" THEN PRINT :PRINT ~ ENTER THE RECEIVER NOISE FIGURE F IN db’

p 790 1F C$="7" THEN INPUT F : PRINT : PRINT * 7. F="F;"db": GOTO 1040

) 800 IF C$="8" THEN PRINT : PRINT * ENTER THE RECEIVER NOISE BANDWIDTH Bn IN MHZ'

° 810 IFC$="8" THEN INPUT Bn: PRINT : PRINT * 8. Bn=",Bn;"MHz": GOTO 1040

R 820 IFC$="9" THEN PRINT : PRINT * ENTER THE ANTENNA NOISE TEMPERATURE T INKELVIN'

& B30 IFC$="9" THEN INPUT Ta: PRINT : PRINT *9.Ta="Ta;"KELVIN' : GOTO 1040

ey 840 IFC$="10" THENPRINT : PRINT " ENTER THE ANTENNA SECTOR COVERAGE Ss IN Deg.

| 850 IFC$="10" THEN INPUT Se : PRINT : PRINT * 10. Ss=",5s;"Deg.”: GOTO 1040

o B60 IFC$="11" THEN PRINT : PRINT " ENTER THE ANTENNA SCAN RATE Sr°

» 870 IF C$="11" THEN INPUT Sr:PRINT : PRINT * 11, Sr=",Sr;"scans/sec” : GOTQ 1040

860 IF C$="12" THENPRINT : PRINT * ENTER THE OUTPUT POWER OF THE JAMMER P IN "
2 890 (F C$="12" THEN INPUT P{:PRINT : PRINT * 12. PJ="P};"W": GOTO 1040

o 900 IF C$="13" THEN PRINT : PRINT " ENTER THE RF NOISE BANDWIDTH OF THE JAMMER BrT IN

2 rHz"

910 [IFC$="13" THEN INPUT Brf: PRINT : PRINT " 13. Brf=";Brf;"MHz" : GOTO 1040

320 IFC$="14" THENPRINT : PRINT " ENTER THE ANTENNA GAIN OF THE JAMMER G INdb~

930 IFC$="14" THEN INPUT G : PRINT : PRINT " 14. Gj=",GJ;"db": GGTT 1040

940 IFC$="15" THEN PRINT : PRINT " ENTER THE RANGE WHERE THE JAMIMER IS POSITIONED R
INKM®

-
PRSI ' Pl
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v
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[

956 IFC$="15" THEN INPUT R: PRINT : PRINT * 15.R=",R;"KM" : GOTO 1040
= 960 IFC$="16" THENPRINT : PRINT “ ENTER THE (J/5) RATIO J.S IN db”
gn 970 IF C3="16" THEN INPUT J.S: PRINT : PRINT *16.J.5=",J.5;"db" : GOTO 1040
Lot 980 IF C$="17" THENPRINT : PRINT " ENTZR THE CAMOFLAGE FACTOR CF INdb"
990 IFC$="17" THEN INPUT CF : PRINT : PRINT * 17.CF=",CF;"db": GOTO 1040
e
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1000 IFC$="18" THEN PRINT : PRINT ° ENTER THE PLUMBING LOSSES Lp IN db”

1010 IFC$="18" THEN INPUT Lp: PRINT : PRINT * 18.Lp=";Lp;"db" : GOTO 1040

1020 IFC$="19" THEN PRINT : PRINT * ENTER THE RANGE AT WHICH THE MORTOW ROUND
2ASSES THROUGHTHE RADARBEAM®

1030 IFC$="19" THENINPUT R1:PRINT :PRINT " 19.R1=",R1;"KM": GOT3J 1020

1040 PRINT: PRINT IS EVERYTHING 0.K NOW?"

1050 INPUT B$

1060 IF LEFT$(B$,1)="yY" ORLEFT$(BS,1)="y" THENGOTO 1100

1070 PRINT: PRINT * WHAT DO YOU WANT TO CHANGE AGAIN?"

1080 PRINT : PRINT "HIT ANY KEY IN YOUR KEYBOARD AND EVERYTHING WILL WORKFOR YOU
MALAKA"

1090 INPUTF$ :60T0S40

1100 RETURN

R Rktete b itatetateia i LA LS L S L S LS 2 LS 2

1120 - PRINTS THE INPUT DATA

1 '30'*.Q.Q’*C*Q**‘IQ*G‘&"‘*".*G*O*C*G

1140 LPRINT : LPRINT TAB(30); * PROBLEM #5°

1150 LPRINT TAB(30);" --—-----—- )

1160 LPRINT:LPRINT"G IVEN"

1170 LPRINT " -----m-- -

1180 LPRINT :LPRINT " 1.10=",;10;"GH2" TAB(20); ": OPERATING FREQ "

"13G LPRINT : LPRINT * 2. Pa=",Pa;"KW" TAB(20); ": PEAK POWER"

1200 LPRINT : LPRINT - 3.Ga=";Ga;"db" TAB(20); " : ANTENNA MAINBEAM GAIN"

1210 LPRINT :LPRINT " 4.Gp=";Gp;"db" TAB(20); " : ANTENNA SIDELOBE GAIN"

1220 LPRINT :LPRINT °S.1p=";1p,"MH2" TAB(20); " : P.RF"

1230 LPRINT : LPRINT “6.T=",T;"micsec.” TAB(20); *: PULSE WIDTH"

1240 LPRINT : LPRINT " 7.F=";F;"db" TAB(20);" : RECEIVER NOISE FIGURE"

1250 LPRINT:LPRINT 8. Bn=";Bn;"MH2"TAB(20); " :RECEIVER NOISE BANDWIDTH"
1260 LPRINT:LPRINT " 9.To=";Ta;"KELVIN" TAB(20); “: ANTENNA NOISE TEMPERATURE
1270 LPRINT:LPRINT " 10.5s=",5s,"Deg." TAB(20); *: ANTENNA SECTOR COVERAGE"
1280 LPRINT:LPRINT " 11.Sr=",Sr;"scans/sec” TAB(20); “: ANTENNA SCANRATE"
1290 LPRINT :LPRINT " 12.P{=";P};"W" TAB(20); " : OUTPUT POWER OF THE JAMMER"
1300 LPRINT :LPRINT ° 13.8rf=",8r1;"MHz" TAB(20); “: RF NOISE BANDWIDTH OF THE JAMMER"
1400 LPRINT :LPRINT ° 14.GJ=";G};"db" TAB(20); " : ANTENNA GAINOF THE JAMMER *
1410 LPRINT : LPRINT “ 15.R=",R;"KM" TAB(20); " : RANGE WHERE THE JAMMER {5 POSITIONED"

213
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1420 LPRINT :LPRINT " 16.J.5=",J.5;"db" TAB(20); *: (J/S) RAT10"

1430 LPRINT :LPRINT " 17.CF=",CF;"db" TAB(20); ": CAMOFLAGE FACTOR"

1440 LPRINT : LPRINT " 18.Lp=";Lp;"db" TAB(20); " : PLUMBING LOSSES™

1450 LPRINT : LPRINT " 19.R1=";R1;"KM"; TAB(20);" : RANGE AT WHICH THE MORTOw. RCUND
PASSESTHRCUGH THERADARBEAM®

1460 RETURN

1 470*!#**!*!’* S0 3030 50 40 5048 5030 3030 3098 46 30 3098 50 20 5090 4090 30 3 4090 40 50 90 4 40 28 %

1480 ' CALCULATION & PRINTOUT FOR PART a:

| 490********l'l****QQQ*Q*h*’*l!’*’!*”***.*****ﬁ**

1500 PRINT : PRINT : PRINT " PART o:"

1510 PRINT *------- -
1520 LPRINT :LPRINT : LPRINT " PART a:"
1530 LPRINT *------- -

1540 LET PJ=Pj/Brf "W/MHZ

1550 LET G§1=6§/10:6J2=CINT(10°Gj1)

1560 LETLp1=Lp/10:Lp2=CINT(10Lp1)

1570 LET C=3*10°8 : 10=10%10"9 : 1=C/10 : R=R*10"3

1580 LET PI=3.14159

1590 LET Gp1=Gp/ 10:Gp2=CINT(10°Gp1)

1600 LET Ae=Gp2+*1°2/(4*P1)

1610 LETJ=CSNG(P1*6)2*Bn*Ae/(4*P1*R"2*Lp2))

1620 LET J1=CSNG(10%.4342945%*L0G(J))

1630 LETJ2=CSNG(J1+30)

1640 PRINT :PRINT " 1(8).J=P | *Gj#Bn*Ae/(4*PI¥R"2*Lp)="J;"W";" OR";J I, ddow";"
OR";J2;*dbm"; " :NOISE JAMMING POWER"

1650 LPRINT :LPRINT ~ 1(8). J=P{*GJ*Bn* Ae/(4*P|*R"2*Lp)=";J;"W";" OR";J 1, dbw ;"
OR";J2;"dbm"; " : NOISE JAMMING POWER"

1660 RETURN

‘ 670*.’*‘***I'lQQQQD!**QQ*.Q*ll.ﬂ.!’l’!.*’!I'Q La 2 2 22

1680 * CALCULATION & PRINTOUT FOR PART b:
‘690!*.*!*’**’*'!!l'lQQDI.*D*.*.l!ll*****.!l!#!**’
1700 PRINT : PRINT : PRINT " PART b:"

1710 PRINT " ------- -

1726 LPRINT :LPRINT : LPRINT " PART b:"

1730 LPRINT " ------- -

214
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1740 I.ETJ.SI:J.S/IO:J,SZ:CINT(IO‘J.SI)

1750 LET J.53=0 ‘because CF=0

1750 LET J.54=J53/10 : J.S5=10°J.54

1780 LET R2=CINT(R1%((J.55/4.52)(1/4)))

1790 PRINT :PRINT = 1(0).R2=(R1*((J/5)2/(J/5)1)(1/Q)))=";R2;"KM"; " 1 RANGE AT ‘WY CHT-E
ROUNDSBURNS TROUGH™

1800 LPRINT :LPRINT * 1(b).R2=(R1#({(J/S)2/(J/5)1)(1/4)))=";R2;"KM"; " : RANGE AT WHICH
THE ROUNDS BURNS TROUGH"

1810 RETURN
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A xL
b
B
—fw‘
al PROBLEM*S
GIVEN
) 1.10= 16.1 GHz : OPERATING FREQ
o 2.Pa= 80KW : PEAK POWER
o 3. Ga= 46 db : ANTENNA MAIN BEAM GAIN
e 4.6p= 16db . ANTENNA SIDELOBE GAIN ‘
5.1p=8600MHz  :PRF |
3 6.T= 25micsec.  :PULSE WIDTH |
% 7.F= 12db . RECEIVER NOISE FIGURE |
o 8.Bn= 5 MHz . RECEIVER NOISE BANDWIDTH
9.Te= 290 KELVIN  : ANTENNA NOISE TEMPERATURE
o 10. S8= 25 Deg. . ANTENNA SECTOR COVERAGE
43 11.5r= 167 scans/sec : ANTENNA SCANRATE
o 12. PJ= 100 W . QUTPUT POWER OF THE JAMMER
, '3 Brf= 20 MHz . RF NDISE BANDWIDTH OF THE JAMMER
w 14 5)= 23 B . ANTENNA GAIN OF THE JAMMER
N 5. R= 20 KM . RANGE WHERE THE JAMMER IS POSITIONED
o 16.J.5= 24 db (J/S) RATIO
, 17.CF= 0 . CAMOFLAGE FACTOR
8. Lp= 3 db . PLUMBING LOSSES
o 15 R1=dKM 'RANGE AT WHICK THE ~IRTCW ROUND 2ASSES THRCUGH THE 24T4F
= BEAM
S PART o:
4 1(8).J=PJ*G{*Bn*Ae/(4*PI *R"2*Lp)= 549682 E-03 W OR -92.5989 cbw OR -52.5988 dbm -

" NOISEJAMMING POWER

. )

; \ DART b:

N 1(0).R2=(R 1 *((J/5)2/(J/S)1)"(174}))= 1 KM: RANGE AT WHICH THERQUNDS SURNS "RCUCH
L

~.::~.'

\.."-v
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10 PRINT :PRINT TAB(30); " PROBLEM *6"

20  PRINTTAB(30), " -----~---- -

30 LPRINT : LPRINT TAB(30); " PROBLEM #8~

4C LPRINT TAB(30): " »=mmame - "

S0 DIMF(4),1(4),5avi3) N(3) v(a),m(4), m1{3),m2(a)

50  PRINT . PRINT "ENTER THE AVERAGE VALUE OF THE CLOUD CROSS SeCTICN 51 it cbsm

70 INPUT S1

B0  PRINT : PRINT " ENTER THE CROSS SECTION OF THE INDIVIDUAL DIPOLES 52,53 IN
milinches®

90 INPUT 52,53
100 PRINT : PRINT * ENTER THE STEP OF THE FREQ. 1(1),1(2),...IN GHz"
110 INPUT f(1),1(2),1(3),1(4)

120 LET C=3*10°10 Tm/s
1T0 0 LETI(ND=1(1)¢10°9: 1(2)=1(2)*10°9: 1(3)=1(2)* 100G 1{4)=f{2)* 103
140 LET 54=52%G3*|0°-6%(2.54)"2 ‘convertion from inches to cm.sq.

150 FORI=1T04

168 U1=C/1(1)

170 Sav(1)=.15*1(1)"2

180  N(h)=S1*100/Sav(!)

160 N(1)=CSNG(100* N(1)}
200 V(1)=CSNG(S4*1(1)*N(1))
210 m(1)=CSNG(2.7#v(1))

220 mi1(1)=CSNG(m(1)/S1)
230 m2(1)=CSNG{m(1}/(d55%51))
240 NEATI

250 PRINT:PRINT "GIVEN

260 PRINT ® --------- -
270 LPRINT . LPRINT "G IVEN"
280 LPRINT " --------- -

290 PRINT:PRINT “8.51=";51;"dbsm"; " : AVERAGE VALUE OF THE CLOUD CROSS SECTION®

300 LPRINT:LPRINT "0.51=",51,"dbsm"; " : AVERAGE VALUE OF THE CLOUD CROSS SECTION"

310  PRINT PRINT "b 52x53="52"x"S3;"mi.inch”, " CROSS SECTIONAL DIMENSIONS OF THE
INDIVIDUALD!POLES”

T2 LPRINT (LFRINT 72, 520S3=7,827<"53,"sa.m”, " CROSS SECTICNAL DIMENS INS 0F THI
INDtvIDUALD FOLEST
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410
420

PRINT :PRINT ~c. 1=";1(1)/10°9;1(2)/10°9;1(3)/10°9;1(4)/10°9;"GHZ"; " : FREQ. STEPS"
LPRINT : LPRINT = ¢.1=";1(1)/ 10°9;1(2)/ 10°9;1(3)/ 10°9;1(4)/ 10°9;"GHz"; * :FREQ. STEPS"

PRINT : PRINT : PRINT * OUTPUT"

LPRIMT  LPRINT : LPRINT ' QUTPUT"
LPRINT ® -=~---- "

FOR I=3TO 60

PRINT *-7;

LPRINT -7,

NEXT |

PRINT : PRINT " f [6H2]",V[em]","Savlcm eq.]"," N°
LPRINT : LPRINT * f [GHz2]","1[cm]","Sevicm sq.]"," N°
FOR I1=3TO €0

PRINT °-";

LPRINT °-7;

NEXT |

PRINT : PRINT 1(1)/10°9,1(1),5av(1),N(1)
LPRINT :LPRINT 1(1)/10°9,1(1),Sav(1),N( 1)
FOR 1=3T0 60

PRINT °-";

LPRINT =-%;

NEXT |

PRINT : PRINT 1(2)/10°9,1(2),5av(2) ,N(2)
LPRINT :LPRINT 1(2)/ 10°9,1(2),Sav(2),N(2)
FOR I=3TO 60

PRINT -,

LPRINT °-*;

NEXT |
PRINT : PRINT 1(3)/10°9,1(3),5av(3),N(3)
LPRINT :LPRINT 1(3)/10°9,1(3),5av(3),N(3)
FOR 1=3TO 60

PRINT -,

LPRINT =-7;

NEAT |
PRINT  PR:NT 1(4)/10°9.1(4),Sav(4) N()
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680
690
700
710

-oa
(-

730
740
750
760
770
780
790
800
310
820
830
840
850
860
870
880
850
900
910
920
930
940
950
860
970
880
8g0
1000
Ci0

0N

LPRINT :LPRINT 1(4)/ 10°9,1(4),5av(4),N(4)
FOR =3 T0 60 -

PRINT *-;

LPRINT =-7;

NEUT |

PRINT : PRINT : PRINT "TABLE CONTINUE :"
LPRINT : LPRINT : LPRINT "TABLE CONT INUE :*
PRINT : PRINT * ¥{cu.cml",” migrms]’,"m/S1lgrms/sq.m]’,” m/Si[ibs/sq.m}®
LPRINT : LPRINT " Vicu.cm]",” migrms]","m/S t[grms/sq.m]";" m/S1[\bs/sq.m]"
FOR I1=3T0D 60

PRINT °-";

LPRINT =-7;

NEXT |

PRINT : PRINT ¥(1),m(1),m1(1),m2(1)
LPRINT : LPRINT (1), m(1),m1{1),m2(1)

FOR I=3TO 60

PRINT =-%;

LPRINT *-%;

NEXT 1
PRINT : PRINT ¥(2),m(2),m 1(2),m2(2)
LPRINT : LPRINT ¥(2),m(2),m 1(2),m2(2)

FOR 1=3TO 60

PRINT *-%;

LPRINT -,

NEXT |

PRINT : PRINT ¥(3),m(3),m 1(3),m2(3)
LPRINT : LPRINT ¥(3),m(3),m1(3),m2(3)

FOR I=3T0 60

PRINT °-*;

LPRINT *-%;

NEXT |
PRINT : PRINT V(d), m(4),m 1(4) m2(4)

LPRINT : LPRINT V(4),m(4),m1(4),m2(4)
PRINT - PRINT " DO ¥YOU WANT TO TRY AGAIN ANQHTE Y/N?"
INPUT AS
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3 1030 IF LEFT$(A$,1)="¥" OR LEFTS(_A$,1)='U' THENLPRINT : LPRINT : GOTO 60
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1)

{8

1A

R PROBLEM®S

5

[}

1 GIVEN

.15 8.51= 10 dbsm : AVERAGE YALUE OF THE CLOUD CROSS SECTION
" D.52%53= .5 Smi.Anch :CROSS SECTIONAL DIMENSIONS OF THE INDIVIDUAL DIPOLES
R c.1=12 5 10GHz  :FREQ.STEPS

g

o OUTPUT

‘g'l - - - - - - TTTTTTTTTET T
! f [GH2] 1lcm} Savicm sq. N

2" __________________________________________________________
K i 30 135 740.741

o
= 2 5 33.75 2962.96

- 5 6 5.4 185185

2 0 3 1.35 740741

5 S
[

2

o

TABLE CONTINUE:
VIzueml  migrms] m/Sllgrms/sam]  m/Silibs/sq.m]

AR BN

358422 967738 0967739 00021269
N 716844 193548 193548 00042538
N 179211 48387 48387 00106345
358422 967739 967739 0021269
i ¢

e

[

A
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70
A

e

)
Qs 10 PRINT : PRINT TAB(30); “ PROBLEM #7*
8 20 PRINT TAB(30); " ------—-"
e 30 GOSUB 100 : GOSUB 1080

- 40  GOSUB 1390 : GOSUB 1840

E S¢  PRINT : PRINT * DO YOU WANT TO TRY AGAN FOR DIFFERENT OR THE SAME Cata i i )
oo 50 INPUT DS

WY 70 IFLEFT$(DS,1)="Y" ORLEFT$(D$,1)="y" THEN 30 i
» _ 80  END
: :E h:" 90 B2l llllisll izl Y]
2}3 100 INPUTS THE DATA
R " ] |0 SR I I AL S A0 W I S0 S0 A0 I0 A 2040 30 00 2040 S 40 50 40 30 40 20 A 0 0 20

120 PRINT : PRINT " ENTER THE PEAK POWER Pp IN Mw"
130 INPUT Pp:PRINT : PRINT © 1. Pp=",Pp;,"MW"

140 PRINT : PRINT " ENTER THE PULSE WIDTH T IN micsec.”
150 INPUT T :PRINT : PRINT " 2. T=";T;"micsec.”

PRI
AR .
AV R Y o P

‘; S 160  PRINT : PRINT " ENTER THE P.RF fp INHz"
; -;:.;* 170 INPUT tp: PRINT :PRINT * 3. fp=",p;"Hz"
fg;;‘i 180  PRINT : PRINT “ ENTER THE ANTENNA GAIN Ga IN db” ~
- 190 INPUT Ga:PRINT : PRINT * 4. Ge=";Ga;"db"
o 200 PRINT : PRINT * ENTER THE OPERATING FREQ. 0 IN GHz"
o 210 INPUT 10 : PRINT : PRINT * 5. 10="10;"GHz"
zilx 220 PRINT :PRINT *ENTER THE RECEIVER NOISE BANDWIDTH Bn IN MHZ"
‘ 230 INPUT Bn: PRINT : PRINT * 6. Bn=",8n;"MHz"
o0 240  PRINT : PRINT “ ENTER THE ANTENNA SCAN RATE Wm IN RPM"
W 250 INPUT Wm :PRINT : PRINT * 7. Wms=",wm; RPM"

260 PRINT:PRINT ° ENTER THE A2IMUTH BEAMWIDTH A.B IN Deg.”
270 INPUT AB:PRINT : PRINT ° 8. A.B=";A.B;"Deg.”

?-

- gn e
1

T 2680 PRINT : PRINT * ENTER THE RECEIVER NOISE FIGURE F IN db”
R 260 INPUT F : PRINT : PRINT * 8. F="F,"db"
o 300 PRINT : PRINT " ENTER THE ANTENNA NOISE TEMPERATURE Ta IN KELVIN®
g 310 INPUT Ta:PRINT : PRINT * 10. Ta=";Ta;"KELVIN®
SR 320 PRINT : PRINT * ENTER THE PLUMBING LOSSES Lp IN db” l
o 330 INPUT Lp:PRINT :PRINT * 11 Lp=";Lp; db"
:,;:: 340  PRINT . PRINT “ENTER THE FALSE ALARM PROBABILITY Pfo"
e 350 INPUT Pfa- PRINT : PRINT * 12. Pfa=":CSNG(Pfa)
-d'."I
?(’ : 222
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;:'«“. | 360 PRINT : PRINT "NOW GO TO PART a AND INPUT THE DATA"
::3 370 PRINT : PRINT "ENTER THE CROSS SECTION OF THE NON-FLUCTUATING TARGET S INdbsm’
g 380 INPUT S:PRINT : PRINT * 13, 5=";S;"dbem"

360 PRINT : PRINT " ENTER THE PROBABILITY OF DETECTION Pd”
) ' 400 INPUT Pd: PRINT : PRINT " 14.Pd=";Pd

) 410 PRINT : PRINT “ GO TO PART b AND INPUT THE DATA"
> 420 PRINT : PRINT “ENTER THE CROSS SECTION OF THE TARGET AIRCRAFT S| IN dbsm”
;ﬁ}' 430 INPUT §1:PRINT : PRINT " 15.51="51;"dbsm"
o 440 PRINT : PRINT * ENTER THE CROSS SECTION OF THE CHAFF CLOUD 52 N sq.m"
'::':Ei 450 INPUT 52:PRINT : PRINT * 16. 52=";52:"sqm"
i 460 PRINT : PRINT * ENTER THE RADAR-TARGET DISTANCE R INKM"
e 470  INPUT R:PRINT : PRINT * 17.R="R;"KM"
0 480 PRINT: PRINT “ ENTER THE RADIAL VELOCITY OF THE TARGET Ut INKNOTS"
;" 450 INPUT UL: PRINT : PRINT * 18, Ut=",Ut;"KNOTS"
v 500 PRINT: PRINT * IS THE INPUT DATA CORRECT Y/N?"
e 510 INPUT A$
" 520 IFLEFT$(AS,1)="Y" OR LEFT$(A$, 1)="y" THEN 1060
‘ j 530 PRINT : PRINT * WHAT OF THE FOLLOWING DO YOU WANT TO CHANGE?"
, 540 PRINT : PRINT ~ 1. THE PEAK POWER?",” 2. THE PULSE WIDTH?"
- S50 PRINT: PRINT ~ 3. THE PRF?"," 4. THE ANTENNA GAIN?"
"’ 560 PRINT:PRINT * 5.THE OPERATING FREQ.?"," 6. RECEIVER'S NOISE BANDWIDTH?"
%:: 570 PRINT : PRINT * 7.THE ANTENNA SCAN RATE?"," 8. THE AZIMUTH BANDWIDTH?"
: 580 PRINT : PRINT * 9.THE RECEIVER'S NOISE FIGURE?"," 10. THE ANTENNA NOISE
o TEMPERATURE?"
N S90 PRINT: PRINT * 11.THE PLUMBING LOSSES?"," 12. THE FALSE ALARM PROBABILITY?"
-fc;: 600 PRINT :PRINT * 13. THE CROSS SECTION OF THE TARGET IN PART 87-,° 14, THE
W PROBABILITY OF DETECTION OF PART a7
. 610 PRINT:PRINT ° 15. THE AIRCRAFT'S CROSS SECTION IN PART b?",° 16. THE CHAFF'S CROSS
t: SECTIONOF PART b7
Tl 620 PRINT:PRINT " 17 THE RANGE OF THE TARGET?"," 18. THE RADIAL VELOCITY OF THE
£ AIRCRAFT?
oL
? 630 INPUT C$

> &
-l -' ~

FAAD

640 IFC$="1" THENPRINT : PRINT " ENTER THE PEAK POWER Pp IN MW"
353 IFCH="1" THENINPUT Po: PRINT - PRINT " 1. Po=",Pp,"MW": GOTO 1000
363 IFC$="2" THEMPRINT PRINT "ENTERTHE PULSE WIDTH T INmicsac.”
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! 670 IFC$="2" THEN INPUT T:PRINT : PRINT 2. T="T; micsec.” : GOTO 1000

2 680 IF C$="3" THENPRINT : PRINT * ENTER THE P.RF fp IN Hz"

590 IF C$="3" THEN INPUT fp: PRINT : PRINT * 3. fp=";fp;"Hz": GCTO 000

760 IFC$="4" THENPRINT PRINT " ENTER THE ANTINNA GAIN G 1N ab”

RS 710 IFC$="4" THEN IMPUT Ga: PRINT : PRINT * 4. Ga=";6a;"ab" GCTC 1073¢

3 720 IF C$="S" THEN PRINT : PRINT * ENTER THE OPERATING FREQ. 10 IN GHz"

730 IFC$="5" THEN INPUT 10 : PRINT : PRINT * 5. 0=";10;"GHz" : GOTO 1000

740 IFC$="6" THENPRINT : PRINT * ENTER THE RECEIVER NOISE BA™DWIDTH Bn IN MHZ"

:*Zl 750 IFC$="6" THENINPUT Bn:PRINT : PRINT * 6. Bn="Bn; MHz" : GOTO 1000

5 760 IFC$="7" THEN PRINT :PRINT " ENTER THE ANTENNA SCAN RATE Wm INRPM"

‘ 770 IFC$="7" THEN INPUT Wm: PRINT : PRINT * 7. Wm=";Wm;"RPM" : GOTO 1000

S 780 IFC$="8" THENPRINT : PRINT " ENTER THE AZIMUTH BEAMWIDTH A.B IN Deg.”

f'i" 790 IFC$="8" THEN INPUT AB:PRINT : PRINT ~ 8. AB=",A B:"Deg.”: GOTO 1000

N 800 IFC$="9" THEN PRINT : PRINT " ENTER THE RECEIVER NOISE FIGURE F IN db"

. 810 IFC$="9" THEN INPUT F: PRINT : PRINT * . F="f"db" : GOTO 1000

R B20 IFC$="10" THENPRINT : PRINT * ENTER THE ANTENNA NOISE TEMPERATURE Ta IN
- KELVIN®

o B30 IF C$="10" THEN INPUT Ta:PRINT : PRINT * 10. Te="To;"KELVIN": GOTO 1000

" 840 (FC$="11" THENPRINT : PRINT " ENTER THE PLUMBING LOSSES L3 IN db”

3 850 IFC$="11" THEN INPUT Lp: PRINT : PRINT * 1 1. Lp="Lp,"db" : GOTO 1000

o 860 IFC$="12" THENPRINT : PRINT " ENTER THE FALSE ALARM PROBABILITY Pfe’

% 870 IFC$="12" THEN INPUT Pfa: PRINT : PRINT * 12. Pfa=",CSNG(Pfa) : GOTO 1000
®) 380 IFC$="13" THEN PRINT : PRINT * ENTER THE CROSS SECTION OF THE NON-FLUCTUATING
i3 TARGET 5 IN dosm’

v 890 IF C3="13" THEN INPUT S:PRINT PRINT * 13, 5=";5;"absm" : GOTO 1000

o 900 IFC$="14" THENPRINT : PRINT " ENTER THE PROBABILITY OF DETECTION Pq"

Y 310 IFC$="14" THEN INPUT Pd: PRINT : PRINT  14. Pd="Pd GOTO 1000

- 920 IFC$="15" THENPRINT : PRINT " ENTER THE CROSS SECT ION OF THE TARGET AIRCRAFT
. S1 IN dbsm”

k 930 IFC$="15" THENINPUT S1:PRINT : PRINT " 15.51="51,"dbsm" : GOTO 1000

’ 940 IF C$="16" THENPRINT : PRINT * ENTER THE CROSS SECTION OF THE CHAFF CLOUD 52!
_'.;j sq.m’

e 950 IFC$="16" THEN INPUT 52:PRINT : PRINT * 16. 52=", 52" sq.m"™ GCTO 090

< 360 IFC3="17" THENPRINT : PRINT " ENTER THE RADAR-TARGET J13Ta1C 3 1Mt
[ 373 IFC$="17" THENINPLTR PRINT: PRINT “ 17.R_"R;KM GOTG {dn
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980 |IFC$="18" THENPRINT : PRINT " ENTER THE RADIAL VELOCITY OF THE TARGET Ut IN
KNOTS™

990 IF C$="18" THEN INPUT Ut:PRINT :PRINT * 18. Ut=";Ut;"KNOTS": GOTO 1000

1GN0 PRINT PRINT ™ IS EVERYTHING 0.K NQ'Ww?"

1010 INPUT B$

1020 IF LEFT$(BS,1)="y" ORLEFT$(B$,1)="y" THEN GOTO 1060

1030 PRINT: PRINT " WHAT DO YOU WANT TO CHANGE AGAIN?"

1040 PRINT : PRINT “HIT ANY KEY IN YOURKEYBOARD AND EVERYTHING WILL WORK FOR YOU
MALAKA®

1050 INPUTF$ :GOTOS40

1060 RETURN

1 0 70 LAl LI IZ 22222222222l 2 lr %)

1080 °  PRINTS THE INPUT DATA

T R e T T T ST P LY ¥ Y P
1110 LPRINT : LPRINT TAB(30); " PROBLEM #7°
1120 LPRINT TAB(30); ® ----~-—-- )

1130 LPRINT :LPRINT:LPRINT "G IVEN"

1140 LPRINT * -=--=---- .

1150 LPRINT :LPRINT " 1. Pp=";Pp; MW" , " : PEAK POWER"
1160 LPRINT :LPRINT " 2. T="T; micsec.”,” :PULSE WIDTH"

1170 LPRINT :LPRINT * 3.1p="1p;'Hz" ," :PRF"

1180 LPRINT : LPRINT " 4. Ga=";Ga;"db" , " : ANTENNA GAIN’
1190 LPRINT :LPRINT *5. 10=",10;"GHz", " : OPERATING FREQ."

1200 LPRINT :LPRINT " 6. Bn=";Bn;"MH2"," :RECEIVER NOISE BANDWIDTH"
1210 LPRINT:LPRINT “ 7 Wm=";Wm;"RPM",* : ANTENNA SCAN RATE"
1220 LPRINT :LPRINT " 8. AB=";AB;"Deg.”," :AZIMUTHBEAMWIDTH"

1230 LPRINT :LPRINT " Q.F="F;"db" ,"~ :RECEIVER'S NCISE FIGURE"
1240 LPRINT:LPRINT " 10.Ta=";Te;"KELVIN"," : ANTENNA NOISE TEMPERATURE"
1250 LPRINT :LPRINT " 11.Lp=";Lp;"db", " : PLUMBING LOSSES”

1260 LPRINT :LPRINT * 12.Pfa=",CSNG(Pfa),~ :FALSE ALARMPROBABILITY"
1270 LPRINT : LPRINT * GIVEN DATA FOR PART a:"

1280 LPRINT  =-====m=mmmmm e .
1290 LPRINT -LPRINT * | $=":5;"absm", - - TARGET'S CROSS SECTION"
'79¢ _PRINT LPRINT "2 Pd="Pd," - PROBABILITY OF DETECTION"

‘30 LPRINT :LPRINT "GIVEN DATAFCRPART b
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1320 LPRINT" - v ——
}1 1330 LPRINT:LPRINT " 1.51="51;"dbsm"," :AIRCRAFT'S CROSS SECTION"
o, 1340 LPRINT:LPRINT “2.52=";52;"sa.m"," :CHAFF'S CROSS SECTION"
L 1750 LPRINT : LPRINT * 3.2="R;"KM" , " : RADAR-TARGET DISTANCE"
P 1260 LPRINT :LPRINT * 4. Ut=";Ut;"knots",* :RADIAL VELOCITY OF THE AIRCRAFT"
(4 1370 RETURN
" 1 380!'!**.**!Q*QQ‘*D*I!’Q!**! 90 0040 4040 209 0 2 N N R
;" 1390 * CALCULATION & PRINTOUT FOR PART a:
:;.;‘ 1 400!0*Ql’lQ*Ql”’Q*ﬂ.*”*!!l*’**!*l*i****l*
. 1410 LET PI=3.14159 : C=3*10'8  ‘m/s
Eﬁ' 1420 LETK=1.38%10-23 'BOLTZMAN'S CONST. j/deg.
o 1430 LET T0=290 "KELVIN
W 1440 LET 10=10%10"9 : 1=C/10
:; 1450 LET Pp=Pp*10'6
% 1460 LET Gal=Ga/10:Ga2-CINT(10'Gal)
. 1470 LET Ae=CSNG(1°2*Ge2/(4*P1)) ‘effective area
B 1480 LET Lp1=Lp/10:Lp2=CSNG(10°Lp1)
g 1490 LET Se=5/10:5Sb=10Sa
1500 -LETF1=F/10:F2=10°F1
1510 LET Te=CINT((F2- 1)*T0)
ot 1520 LET Bn=Bn*10°6
| 3_3;:1 1530 PRINT : PRINT * NOW FROM Flg. 2.7 (SKOLNIK Pg. 28) YOU CANFIND THE (/M) 1 SINCE 0L
j::: NOWw:"
9 1S40 PRINT : PRINT “8. Pd=";Pd
; 1550 PRINT :PRINT “D.Pfa=";CSNG(Pfa)
e 1560 PRINT : PRINT *ENTER THE (S/N)1,5N IN db”
O 1570 INPUT SN
e 1580 LET SN1=SN/10:5N2=CINT(10'SN1)
f\ 1S90 LET n=fp*A.B/(6*Wm)
7 1600 PRINT : PRINT ~ FROM Fig.2.8(a) (SKOLNIK Pg. 31) YOUCAN FIND THE INTEGR. IMR.FACTOR
o SINCE THE PROGRAM CALCULATED FOR YOY-*
- 1610 PRINT -PRINT “0.n="n
8 1620 PRINT : PRINT “b. Pd=";Pq
® 3¢ PRINT:PRANT "C. af=":CSNE(1 /PTa)
N 1640 PRINT PRINT * ENTER THE INTEGR. IMR. FACTOR i1{n), 1:1°
e
4
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AN 1650 INPUT 11 o
2N 1660 LET I1=CSNG( 1 0%.4342945#*L0G(11 1))

2 16 TCLETRmax=(Pp*Ga2*Ae*Sh*i11/((4*P1)"2*K*(Ta+Te)*Bn*SN2*Lp2))'(1/4)
. 1E30 PRINT - PRINT : PRINT " PART a”
R 1630 PRINT " ------- .
1} 1700 LPRINT :LPRINT : LPRINT * PART &:"
- 1710 LPRINT *~=-==--"

) 1720 PRINT :PRINT * |.n="n; *: #OF HITS INTEGRATED"
o 1730 PRINT : PRINT 2. (S/N)1=";5N;"db"; " : THE SIGNAL-TO-NOISE RATIO

< 1740 PRINT : PRINT * 3. 1i(n)=";111;" : THE INTEGR. IMPR. FACTOR"

P & 1750 PRINT : PRINT " 4. nf=";,CSNG(1/Pfa); " : FALSE ALARM NUMBER"

1760 PRINT :PRINT *S.

1 RMEx=(Pp*Ge*Ae*S* 11(n)/((4*P1)2*K*(Ta+Te)*Bn*(S/N) 1 *Lp))*(1/4)="-CSNG(Rmas/ 1 e
> " MAX. RANGE"
e 1770 LPRINT :LPRINT * 1. n=";n; " : #OF HITS INTEGRATED"

,._. 1780 LPRINT : LPRINT 2. (5/N)1=";5N;"db"; “ : THE SIGNAL-TO-NOISE RATIO "
9 1790 LPRINT :LPRINT * 3. 1i(n)=";111; : THE INTEGR. IMPR. FACTOR"

o 1800 LPRINT :LPRINT * 4.nf=",CSNG(1/Pfa); " :FALSE ALARM NUMBER"

1810 LPRINT:LPRINT “S.
Rmex=(Pp*Ga*Ae*S* [1(n)/((4*P1)"2#K*(Ta+Te)*Bn*(S/N) 1%Lp))*(1/4)=",C SNG(Rmax/ 1 3¢}
*. = MAX. RANGE®

182C RETURN

X T &M
1 il

" ] 830"*".***!'*"IQ*Q*Q*******************.
J 1840 ' CALCULATION & PRINTOUT OF PART b:

t:.: ]aso‘.."C.Q’*’*Q**l’*Q*Q*’*Q‘!Q*h***’*biﬁiﬁ
Xz 1860 LET fd=1.03*Ut/1

e 1870 LET H=CSNG(4*(SIN(PI*1d/1p))2)

:: 1880 LET A=IE+16

s 1890 LET CA=A*1p-2/(2*P1*2#10°2)

5 1900 LET CA<CINT(CA)

i;i 1910 LETCA | -CSNG(10* 4342045 %L0G(CA))

e 1620 LET 5CIN=51/52

1930 LETSC=CINT(10* 43429454 *L0G(5CIN))

o "G40 LET SCout=CINTISCIn*H*Ca)

e 1350 LET 3Cout=CINT(; 0% 4342645 #*LOG(5Cout))

3
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W 1960 PRINT : PRINT ; PRINT * PART b:"

S 1970 PRINT * =----n- -

1980 LPRINT : LPRINT : LPRINT * PART b:"

P 1680 LPRINT *~-=---- .

s 2000 PRINT: PRINT* 1.(5/C)out="SCout;"db"; *: SIGNAL-TO-CLUTTER RATIC 4T THE TL72."
R OF THE DELAY LINE CANCELLER"

R 2010 LPRINT :LPRINT " I.(5/C)out=";5Cout;"db"; " :SIGNAL-TO-CLUTTER RATIG AT THE OUTPUT
o OF THE DELAY LINE CANCELLER"

B 2020 RETURN

"
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GIYEN

1.Pp= 1 MW

2.T= 1.4 micsec.

3. 1p= 8OO Hz
4.Ga= 26 db
5.10= | GHz

6. Bn= 1.5 MHz
7.Wm= 10 RPN
8.AB= 3.9 Deg.
9.F=9gb

10. Te= 100 KELVIN

H.Lp=24dd
12.Pfe= 1E-12

GIVENDATA FOR PART &a:

1.5= 0 dbsm
2.P1= 9

QIYENDATAFOR PART 2.

1.S1= 10 dbsm
2.52= 500 sa.m
3.R= 30KM

4. Ut= 300 knots

PART a:
1. n=9%2

PROBLEM#7

: PEAK POWER

: PULSE WIDTH

: PRF

: ANTENNA GAIN
: OPERATING FREQ.
: RECEIVER NOISE BANDWIDTH

: ANTENNA SCAN RATE

: AZIMUTH BEAMWIDTH

: RECEIVER’S NOISE FIGURE

: ANTENNA NOiSE TEMPERATURE

: PLUMBING LDSSES

:FALSE ALARMPROBABILITY

: TARGET'S CROSS SECTION
: PROBABILITY OF DETECTICN

: AIRCRAFT'S CROSS SECTION

: CHAFF'S CROSS SECTION
:RADAR-TARGET DISTANCE
.RADIAL VELGCITY OF THE AIRCRAFT

: ®0F HITS INTEGRATED

2. (S/N)1= 15.8db : THE SIGNAL-TO-NOISE RATIO

3. H(n)= 235
4. nf= 1E+12

RANGE

: THE INTEGR. IMPR. FACTOR
- FALSE ALARM NUMBER
S.Rmax=(Pp*Ga*Ae*S*H(n)/((4%P1) 2*K*(Ta+Te)*B ¥ (5/ )+ p)*/1/3)=89 457~ ta
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2 PART b;
e 1 {S/Clout= 12db:SIGNAL-TO-CLUTTER RATIO AT THE OUTPUT OF THE DELAY LINECANCEL_ER
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100
110
120
130
140
150
160
170
180
180
200
210
229
230
240
2S0
260
273
280
290
300
310
325
379
T2l

RN

PRINT : PRINT TAB(30); " PROBLEM #8°
PRINT TAB(30); * -——----—-- )

GOSUB 100 : GOSUB 1020 : GASUB (2S0
GCSUB 1410: GOSUB 1680:GOSUB 1890

PRINT PRINT " DO YCU WANT TO TRY AGAIN FOR DIFFEREMT ORTHI SAMECATA 7

iNPUT D$
IF LEFT$(D$,1) ="Y" OR LEFT$(D$,1)="y" THEN 30
END

KA LIl Xl Il Il lls il oty 2ol X2ty

INPUTS THE DATA

RURBRBBBR RSB RRBRRRBR BN BR

PRINT: PRINT " ENTER THE RANGE OF THE OPERATING FREQ. 110,120 INGHz"
INPUT 110,120 PRINT : PRINT " 1. 110=";110,"120=",720;"GHZ"
PRINT : PRINT " ENTER THE PEAK POWER Pp IN KW~

INPUT Pp : PRINT : PRINT ™ 2. Pp=",Pp;"KW"

PRINT : PRINT “ ENTER THE PRF fp INHz"

INPUT fp : PRINT : PRINT * 3. fp=",fp;"Hz"

PRINT : PRINT " ENTER THE PULSEWIDTHT IN nsec.”

INPUT T :PRINT : PRINT " 4. T=";T;"neac.”

PRINT : PRINT “ ENTER THE ANTENNA GAIN Ga IN db”

INPUT Ga: PRINT : PRINT * S. Ga=";68;"db"

PRINT : PRINT " ENTER THE AZIMUTH BEAMWIDTH A.B INDeg.”
INPUT AB:PRINT : PRINT 6. A.B=";A.B;"Deg."

PRINT : PRINT "ENTER THE ANTENNA SCAN RATE Wm INRPM"
INPUT wm: PRINT : PRINT * 7. Wm="wm;"RPM"

PRINT : PRINT “ENTER THE PLUMBING LOSSES Lp IN 3b”

WNCUT Lo PRINT :PRINT © 8. Lp=",Lp;"db"

PRINT : PRINT " ENTER THE Rx NOISE FIGURE Rx IN db”

INPUT Rx: PRINT : PRINT " 9. Rx=";Rx;"db"

PRINT : PRINT “ENTER THE AIRCRAFT'S ALTITUDE Ha IN f{"
INPUT Ha : PRINT : PRINT ~ 10. Ha=";Ha;"ft"

PRINT : PRINT “ENTER THE RANGE TO SUBMARINE Rs IN Kyards”
INPUT Rs: PRINT : PRINT " 1 *.R3=",Rs;"Kyards"

ORINT . PRIMT "ENTER THE PERISCCPERCS INsa.m’

INPUT RCS ARINT FRINT " 12 2(53=",RCS;sam’

231
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*z;
3. 360  PRINT : PRINT " NOW GO TOPART (a) AND INPUT
<1 370 PRINT : PRINT " ENTER THE AVERAGE DURAT!ON OF THE SEA CLUTTER SPIKES t1fa IN sec.”
o 380 INPUT tifa:PRINT :PRINT * 13.t1fe="t 11, sec.”
' 360  PRINT : PRINT * ENTER THE FALSE ALARM TIME Tfa IN sec.”
400 INPUT T1a:PRINT :PRINT * 14.Tfe="Tfa; sec." )
, 410  PRINT : PRINT ~ NOW FROM PART (d) INPUT :*
A8 420 PRINT: PRINT * ENTER THE POST DETECTION INTEGRATION PERIOD T IN sec.”
"4 430 INPUT Ts:PRINT : PRINT * 15. Te=",Ts;"sec."
2 440  PRINT : PRINT * IS THE INPUT DATA CORRECT Y/N?"
= 450  INPUT AS
o 460  IFLEFT$(AS,1)="Y" ORLEFTS$(AS,1)="y" THEN 1000
. 470  PRINT " WHAT OF THE FOLLOWING DO YOU WANT TO CHANGE?"
E 480 PRINT : PRINT * 1. THE RANGE OF THE OPERATING FREQ.7
Q 450  PRINT :PRINT * 2. THE PEAK POWER?"
A 500 PRINT : PRINT * 3. THE PRF?"
; 510 PRINT: PRINT * 4. THE PULSEWIDTH?"
133‘ 520 PRINT : PRINT * 5. THE ANTENNA GAIN?"
‘5 5 530 PRINT : PRINT " 6. THE AZIMUTH BEAMWIDTH?"
i 540  PRINT : PRINT * 7. THE ANTENNA SCANRATE?"

550 PRINT :PRINT * 8. THE PLUMBING LOSSES?"
o S60 PRINT : PRINT * 9. THE Rx NOISE FIGURE?"
o 570 PRINT: PRINT ° 10. THE AIRCRAFT'S ALTITUDE?"

580 PRINT : PRINT * 11. THE RANGE TO SUBMARINE?"
_, 580 PRINT : PRINT * 12. THE PERISCOPE RCS?"

-::}’f: 600 PRINT : PRINT * 13. THE AVERAGE DURATION OF THE SPIKES?"

o 610 PRINT : PRINT * 14. THE FALSE ALARM TIME?"

; v 520 PRINT:PRINT ° 15. THE POST DETECTION INTEGRAT ION PERIOD?"

o 630 INPUTC$

e 640 IF C$="1" THEN PRINT : PRINT " ENTER THE RANGE OF THE OPERATING FREQ. {10,120 IN
x-f GHz"

;m 650 IFC$="1" THEN INPUT 110,120 : PRINT : PRINT * 1. {10=",110,"120=";120;"GHz" : GOTO $C

% 660 IFC$="2" THEN PRINT : PRINT " ENTER THE PEAK POWER Pp IN K"
SEAN 670 IF C$="2" THEN INPUT Pp:PRINT : PRINT * 2. Pp="Pp;"K'W" : 6OTD 940

[ S o
“ e

N 363 IF C3="3" TKENPRINT . PRINT "ENTER THE PRF fp iNHZ"

iy ¥
e
r

. 363 17 C$="3" THENINFUT (5 PRINT :PRINT " 3. 1p=":1p,"H2" : 671 G40
LA
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700 IFC$="4" THEN PRINT : PRINT " ENTER THE PULSEWIDTH T IN nsec.”

710 IFC$="4" THEN INPUT T: PRINT : PRINT " 4 T=";T;"nsec.”: GOT0D 940

T20 IFC$="S" THENPRINT : PRINT “ENTER THE ANTENNA GAIN Ga IN db”

TI) IFC$="5" THEM INPUT Sa:PRINT : PRINT ° 5. Ga=";Ge;"db": GOTD 940

740 IFC$="6" THENPRINT : PRINT “ENTER THE AZIMUTH 3EAMW!DTH A IN Deq.
TS0 IFC$="6" THEN INPUT A.B: PRINT : PRINT " 6. A.B=",A.B;"Deg.”: GOTO 940

760 IFC$="7" THENPRINT : PRINT " ENTER THE ANTENNA SCAN RATE Wm N RPM"

770 IFC$="7" THEN INPUT Wm : PRINT : PRINT ° 7. Wm=";Wm;"RPM" : GOTD 940

780 IFC$="8" THEN PRINT : PRINT " ENTER THE PLUMBING LOSSES Lp INdb”

790 IFC$="8" THEN INPUT Lp: PRINT : PRINT " 8. Lp=";Lp;"db": GOT0 940

800 IFC$="9" THENPRINT : PRINT * ENTER THE Rx NOISE FIGURE Rx IN db"

810 [IFC$="9" THEN INPUT Rx: PRINT : PRINT ~ 9. Rx=";Rx;"db" : GOTO 940

820 IFC$="10" THENPRINT : PRINT “ ENTER THE AIRCRAFT'S ALTITUDE He IN 7t"

830 IFC$="10" THEN INPUT He : PRINT : PRINT ~ 10, Ha=";Ha; 11" : 6OT0 940

840 IFC$="11" THENPRINT : PRINT " ENTER THE RANGE TO SUBMARINE Rs IN Kyards"

850 IFC$="11" THEN INPUT Re: PRINT : PRINT ° 11.Rs=";Rs;"Kyerds" : GOTO 940

B60 IFC3$="12" THENPRINT : PRINT " ENTER THE PERISCOPE RCS IN sq. m"

870 IFC3$="12" THEN INPUT RCS: PRINT : PRINT " 12, RCS=";RCS;"sa.m" : GOTD 940

880 IFC$="13" THENPRINT : PRINT " ENTER THE AVERAGE DURAT!ON OF THE SEA CLUTTER
SPIKESt1fa INsec”

890 IFC$="13" THENINPUT t1fa: PRINT :PRINT " 13.t1fa=";t17a;"sec.”: GOTO 94¢C

300 [F C$="14" THENPRINT : PRINT " ENTER THE FALSE ALARMTIME Tfa IN sec.

810 (FC$="14" THEN INPUT Tfa: PRINT : PRINT * 14. Tfa=";Tfq;"sec.”: GOTO 940

920 IFC$="15" THENPRINT : PRINT “ENTER THE POST DETECTION INTEGRATION PERIOD T3 iN
sec.”

930 IFC$="15" THEN INPUT Ts: PRINT : PRINT " 15.Ts=";Ts;"sec.”: GOTD 940

940 PRINT :PRINT " IS EVERYTHING 0.K NOW?"

950 INPUT B$

960 IF LEFT$(BS,1)="Y" ORLEFT$(BS,1)="y" THEN 1000

970 PRINT : PRINT “ WHAT DO YOU WANT TO CHANGE AGAIN?"

980 PRINT:PRINT "HIT ANY KEY IN YOUR KEYBOARD AND EVERYTHING WILL WORK FOR YOU
MALAKA®

390 INPUTF$ :GOTO 480

1630 RETURN

TN PRt stasatotovdototaltstetetetons
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1020 °  PRINTS THE INPUT DATA

I 030 S0 AP0 A0S0 40 A0 40 2000 20 30 30 20 30 00 0 00 0 20 90 10 90 40 40 2 40 0 0

1040 LPRINT LPRINTTAB(30); " PROBLEM #8°

‘250 LPRINT TAB(30)," ---------- )

130 LPRINT:LPRINT"G!VEN

1070 LPRINT "====mm—===t

1080 LPRINT: LPRINT " 1.110=",110,"120=";120;"GH2" SPC(1)," :RANGE OF THE OPERATING
FREQ.

1090 LPRINT : LPRINT " 2. Pp=",Pp;"KW" SPC(10); ": PEAK POWER"

1100 LPRINT :LPRINT " 3. fp=";fp;"H2" SPC(8); " : P.RF"

1110 LPRINT :LPRINT" 4.T=",T;"nsec.” SPC(8); “: PULSEWIDTH"

1120 LPRINT : LPRINT °5.Ga=";Ga;"db" SPC(11); ": ANTENNA GAIN"

1130 LPRINT :LPRINT “ 6. A.B=";A.B;"Deq.” SPC(6); ": AZIMUTH BEAMWIDTH"

1140 LPRINT :LPRINT " 7. Wm=",Wm,"RPM"SPC(9); " : ANTENNA SCAN RATE"

115¢ LPRINT : LPRINT “8.Lp=";Lp;"db" SPC(12); *: PLUMBING LOSSES"

1160 LPRINT:LPRINT = 9. Rx=";Rx;"db" SPC(10); “: Rx NOISE FIGURE"

1170 LPRINT :LPRINT * 10.Ha=";Ha;"f{" SPC(B); “: AIRCRAFT"S ALTITUDE"

1180 LPRINT :LPRINT " 11.Rs=",Rs;"Kyards" SPC(6);" : RANGE TO SUBMARINE"

1180 LPRINT :LPRINT " 12.RCS=";RCS;"sq.m" SPC(8); " : PERISCOP'SRCS"

1200 LPRINT :LPRINT " 13. t1fa=";111a;"sec.” SPL(?); " : AVERAGE DURATION OF THE SEA
CLUTTERSPIKES®

1210 LPRINT :LPRINT " 14.T1a=";Tfa,"sec.” SPC(6),": FALSE ALARM TIME"

1220 LPRINT:LPRINT " 15.Te=";Ts;"sec.” SPC(S); *: POST DETECTION INTEGRATION PERICD"
1230 RETURN

1 240*0*0*0***0*0*0*0 MNP RNRN R RN RN R

1250 * CALCULATION & PRINTOUT FOR PART (a)

1 260*0*0***0*0**"*0***!*Ql*’l!**i!i***!** L2 ]

1270 PRINT : PRINT : PRINT " PART (a)"

1280 PRINT * --===ee- -

1290 LPRINT :LPRINT : LPRINT " PART (8)"

1300 LPRINT * -=mmmmm- -

1310 LETPfa=tifa/Tfe

1320 PRINT : PRINT “FROMF1g. 13.5 (SKOLNIK Pg. 479) YOU CAN FIND THE THRESHOLD LEVEL
“TRSH™ SINCZ YOU <NDW:"

1330 PRINT PRINT " a.Pfa=";Pfa; " :PROBABILITY OF FALSE ALARM"
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1340 INPUT ~ 0. THE SEA STATE IS°, K$ .

1350 PRINT:PRINT" ENTERTHETHRESHULDLEVELREQUIREDTOACHIEVE Pfe=";Pfa

1360 INPUT TRSH

1270 LPRINT :LPRINT " 1(a).Pfe=";Pfa; " :FALSE ALARM PROBABILITY"

133C LPRINT :LPRINT * 2(a). THRESHOLD=";TRSH;"db"; " : LEVEL THAT THE THRESH. MUST 3 &
ABOVETHE MEDIANCLUTTERTO ACHIEVEPTe=";Pfa

1390 RETURN

| 400*00".‘#'&**‘*&‘ A0 3040 2000 090 30 40 3008 S0 00 2040 1040 S0 M 0 0 4 4

1410 * CALCULATION & PRINTOUT FOR PART (b)

1 420***.*’*'*’*‘*‘*’ 0002040 2090 2090 3030 30 50 3090 20 20 2030 30 30 2000 20

1430 PRINT : PRINT : PRINT * PART (b)"

1440 PRINT *-=------ -
1450 LPRINT :LPRINT : LPRINT * PART (b)"
1460 LPRINT *-------- -

1470 LETC=3*10°8 : P1=3.14159 : (20=120*10"9

1480 LET1=C/f20

1490 LET Gal=Ga/10:G6a2=CINT(10°6al)

1S00 LET Lpi=Lp/10:Lp2=10"Lpl|

1510 LET Pp=Pp*10°3

1520 LET Ae=CSNG(Ga241°2/(4%P1))

15330 LETRs=Rs*10°3*914

1540 LET sec=CINT(1/COS(A.B*P1/180))

1550 LETT=T*10°-9

1560 PRINT : PRINT “ FROMFIG 13.3 (SKOLNIK Pg. 475) YOU CAN FIND THE CROSS SECTION SINCE
YOU KNOW :~

1570 PRINT : PRINT * THE GRAZING ANGLE=";38C;" & THE POLARIZATION

1380 PRINT : PRINT " ENTER THE CROSS SECTIONSo IN db”

1590 INPUT So:501=50/10:502=10'Sot

1600 LET S=CSNG(Pp*Ga2*RCS*As/((4*P1)2*Rs"4*Lp2))

16 1AETC 1=CSNG(Pp*Ga2*Ae*S02*(A.B*P1/ 180)*(C*T/2)*sec/((4*P1)"2*Rs"3*(Lp2/2)))
1620 LET SC=S/Ct

1630 LETSC=CSNG(10%*.4342945#* 0G(SC))

1640 PRINT : PRINT * 1(b). (5/C)m=",SC;*db"; " :SINGLE PULSE SIGNAL-TO-CLUTTERRATIC AT
THE RADARRECEIVER INPUT"

'E5G LPRINT LPRINT " 1(b).(S/CIm=";5C;"db"; ":SIMGLE PULSE SIGNAL-TC-CLJTTER RATIC AT
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THERADARRECEIVER INPUT™
1660 RETURN

1 6Tc*l*'****’.*i*&*i*”i*. B RRRRBRRARRRRRRNN

1680 * CALCULATION & PRINTOUT FOR PART (¢)

'l 690%4*0*0*0***’*.** LR RN RPN RPN RN R AR RN

1700 PRINT : PRINT : PRINT " PART (c)°

1710 PRINT * ---=m=-"
1720 LPRINT :LPRINT : LPRINT ° PART (c)"
1730 LPRINT * ~=======”

1740 PRINT : PRINT “FROMTABLE | 1.1 (SKOLNIK Pg.426) SINCE YOU KNOW THE WEIGHTING
FILTER YOUUSE, YOU CANFIND:"

1750 INPUT "a. THE PEAK SIDELOBE SLL IN db”,5LL

1760 INPUT "D.THE LOSS IN db°,LOSS

1770 INPUT “c. MAINLOBE WIDTH (retative) M. w" MW

1780 LET(10=110*10S

1790 LET W=120-110

1800 LETTe=T/(T*W)*M.W

18 10LETA=CSNG( 10%*.43429454 L 06(2*T *W)-L0SS)

1820 LET SCI1=5C+A

1830 PRINT:PRINT " 1{c). Tc=";Tc;"sec.”; ": 3 db WIDTH OF THE COMPRESSED PULSE"
1840 PRINT :PRINT " 2(c). (S/C)out=";5C1,"db";" : SIGNAL-MEAN CLUTTER POWER"
1850 LPRINT : LPRINT " 1{c). Tc=";Tc; sec.”;": 3 db WIDTHOF THE COMPRESSED PULSE"
135C LFRINT :LPRINT "2(c). (S/C)out=";SC1;"db";" : SIGNAL-MEAN CLUTTER PCWER"
1870 RETURN

1 880*9***.’0”*0*’*’*0*.*0 AAb b ub AR 3 00 AR AR AR AR

1890 ' CALCULATION & PRINTOUT FOR PART (d)

1 goc*o*i*#*#*’*iﬂiﬁdii*O*Dl’*****#’!*i Nenne
1910 PRINT : PRINT : PRINT " PART (d)"

1920 PRINT * -------- )

1930 LPRINT : LPRINT : LPRINT ° PART (d)"

1940 LPRINT *--omnum- -

1950 LET ns=A.B*1p/(6%Wm)

1960 LET n=ns*(300/60)*Ts

570 PRINT PRINT " FRCMFIG 2.3(a) (SKOLNIK Pg. 31) YOU CANFIND THE 11{n) 3iNCE YOU KNC
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1980 PRINT :PRINT “ 0. ®OF HITS="n
1990 PRINT : PRINT " b. YOU 'RE INPOST DETECTION CASE"

2000 PRINT: PRINT " ENTER THE INTEGRATION IMPR.FACTIOR I{ -

2010 NPT I

202¢ LET H=CINT(10* 43429454 *L0G(11))

2030 LETB=SC1+i

2040 PRINT :PRINT = 1(d). n=";n; " : #*OF HITS"

2050 PRINT :PRINT " 2(d).11{n)=";11;"db"; " : INTEGRAT |ON IMPR. FACTOR"

2060 PRINT:PRINT " 3(d).(5/C)=(5/C)out+11(n)=":B;"db"; " : INTEGR. IMPROVEMENT"
2070 LPRINT :LPRINT = 1(d). n=";n; ": #OF HITS"

2080 LPRINT :LPRINT * 2(d). 11{n)=";i1;°db"; * : INTEGRATION IMPR. FACTOR"

2090 LPRINT :LPRINT " 3(d).(5/C)=(5/C)out+ii(n)=";B;"db";" : INTEGR. IMPROVEMENT"
2100 RETURN
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PROBLEM#*8
GiVEN

1.110=9.5 120= 10 GHz : RANGE OF THE OPERAT ING FREQ.

2.Pp= SO0 KW : PEAK POWER

3.fp= 1500 Hz .PRF

4.T= 500 nsec. : PULSEWIDTH

5.Ga= 35 db . ANTENNA GAIN

6. AB=2.4 Deg. : AZIMUTH BEAMWIDTH

7. Wm= 300 RPM : ANTENNA SCAN RATE

8.Lp=Sab : PLUMBING LOSSES

9.Rx= 7.5db : R% NOISE FIGURE

10. He= 2000 ft : AIRCRAFT'S ALTITUDE

11. Rs= 16 Kyerds : RANGE TO SUBMARINE

12. RCS= 1 sq.m : PERISCOP'S RCS

i3 tife= 2 sec. : AVERAGE DURATION OF THE SEA CLUTTER SPIKES
14. Tfa= 100 sec. ' FALSE ALARM TIME

1S. Ts= 5 gec. : POST DETECTION INTEGRATION PERIOD
PART (0)

1(a).Pfe= .02 :FALSE ALARM PROBABILITY
2(a). THRESHOLD= 12.5 db: LEVEL THAT THE THRESH. MUST BE SET ABCVE THE MEDIAN ZLUTTER
TG ACHIEVE Pfa=.02

PART (b)
1(b).(S/CIm=-17.6325 db: SINGLE PULSE SIGNAL-TD-CLUTTERRATIO AT THE RADAR RECEIYEK
INPUT

PART (c)

1(c). Tc= 000000003 sec.: 3 db WIDTH OF THE COMPRESSED PULSE
2{c).(5/Clout=-8.0172db: SIGNAL-MEANCLUTTER POWER
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PART(d)

1(d). n= 50 : #0F HITS

2(d).1i(n)= 144db : INTEGRATION IMPR. FACTOR
o 2{2).(5/£)=(S/C)eut+11(n)= 22.0172 ¢D: INTEGR. IMPROVENENT
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%;2 10 PRINT : PRINT TAB(30); * PROBLEM #9°
1988 20 PRINT TAB(30); " --------"
g“}* 30  GOSUB 90 :GOSUB 350 :GOSUB 1160
2o 40 PRINT PRINT DO YOU WANT TO TRY AGAIN FOR DIFFERENT R THE SAME CATA ©. ™
‘ ( 50 INPUT D3 .
Y 60  IFLEFTS(DS,1)="Y" ORLEFTS(DS, 1)="y" THEN 30
v‘ 70 END
-y 80 g 12Xl 2tz il 2l lrllierllrlteyr e 2 2
R 9% INPUTS THE DATA
tﬁ:. ]00 SHR A A0 A AP A0 40 20 b A0 40 20 20 A4 30 20 20 A 40 30 0 30 30 20 40 20 44 20 0 0
o 110 PRINT : PRINT " ENTER THE OPERATING FREQ. 10 IN GHz"
- 120 INPUT £0: PRINT : PRINT * 1. {0=";10;"GHz"
o 130 PRINT : PRINT " ENTER THE PEAK POWER Pp IN MW"
Jo 140 INPUT Pp: PRINT : PRINT * 2. Pp="Pp;"Mw"
Pas 150 PRINT : PRINT * ENTER THE ANTENNA GAIN Ga IN db”
sl 160  INPUT Ga: PRINT : PRINT * 3. Ga="Go;"tb"
P 170  PRINT : PRINT ° ENTER THE A2)MUTH BEAMWIDTH AB IN Deg”
) 180 INPUT AB:PRINT : PRINT * 4. AB=";A.B;"Deg."
;@. 190 PRINT : PRINT " ENTER THE ELEVATION COVERAGE ECmin ECmax IN Dag.”
u ( 200 INPUTECmin ECmax : PRINT : PRINT *5. ECmin=";ECmin; " ECmax-"ECmeax;" Deq.”
Py 210 PRINT : PRINT " ENTER THE ANTENNA SCAN RATE Wm IN RPM" ’
I 220 INPUT Wm: PRINT : PRINT " 6. \Wm=",wm;"RPM"
o 230 PRINT : PRINT " ENTER THE P.RF fp IN Hz"
93 240 INPUT fp  PRINT : PRINT * 7. fp="fp; Hz"
250 PRINT : PRINT " ENTER THE PULSE WIDTH T IN microsec.”
e 260 INPUT T : PRINT : PRINT * 8. T="T;"microsec.”
koo 270 PRINT : PRINT " ENTER THE RECEIVER NOISE FIGURE F IN db"
® 280 INPUT £ : PRINT : PRINT ~ 9. F="F;"db"
§2 290 PRINT : PRINT * ENTER THE AIRCRAFT'S RADAR CROSS SECTION RCS IN dbsm’
2 300 INPUT RCS : PRINT : PRINT * 10. RCS=",RCS;"dbsm"
e 310 PRINT : PRINT * ENTER THE RANGE OF THE AIRCRAFT R IN K"
(= 320 INPUT R:PRINT :PRINT * | 1.R="R:"Km" .
330  PRINT :PRINT  ENTER THE CHAFF RMS VELOCITY SPREAD Su IN m/sec.”
340 INPUT Su: PRINT : PRINT * 12, Su=":Su; ‘m/sec.”
i 123 PRINT:PRINT " ENTER THE CLUTTER-TARGET SIGNAL RATIC (S/Niout [N db”
o
:i::: 240
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460
470
480
480
500
510
520
530
540
550
560
570
580
560
500
610
620
630
640

650
660
670
880
560

INPUT SNout : PRINT : PRINT © 13. SNout=",SNout,"db"

PRINT :

PRINT * IS THE INPUT DATA CORRECT Y/N?"

INPUT A$
IFLEFT3(A$,1)="Y" OR LEFT$(AS,1)="y" THEN 870
PRINT ° WHAT OF THE FOLLOWING DO YOU WANT TO CHANGE?"

PRINT :
PRINT
PRINT :
PRINT :
PRINT :
PRINT :
PRINT :
PRINT :
PRINT :
PRINT:
PRINT :
PRINT :
PRINT :

PRINT " 1. THE OPERATING FREQ.?"

:PRINT = 2. THE PEAK POWER?"

PRINT ° 3. THE ANTENNA GAIN?"

PRINT ° 4. THE AZIMUTH BEAMWIDTH?"

PRINT ° 5. THE RANGE OF THE ELEVATION COVERAGE?"
PRINT " 6. THE ANTENNA SCAN RATE?"

PRINT * 7.THE PR.F?"

PRINT * 8. THE PULSE WIDTH?"

PRINT *9. THE RECEIVER NOISE FIGURE?"

PRINT ° 10. THE AIRCRAFT'S RADAR CROSS SECTION?”
PRINT 1 1. THE RANGE OF THE AIRCRAFT?"

PRINT “ 12. THE CHAFF'S RMS VELOCITY SPREAD?"
PRINT ° | 3. THECLUTTER-TARGET SIGNAL RATIO?"

INPUT C$

IF C$="
IFC$="

1" THEN PRINT : PRINT " ENTER THE CPERATING FREQ. 10 IN GH2"
1" THEN INPUT fO:PRINT : PRINT " 1. 10=";10;"GH2" : GOTD 810

IFC$="2" THENPRINT : PRINT " ENTER THE PEAK POWER Pp IN MW"

IFC$="2" THEN INPUT Pp: PRINT : PRINT * 2. Pp="Pp;"Mw": GOTO 810
IFC$="3" THENPRINT : PRINT " ENTER THE ANTENNA GAIN Ga INdb°
IFC$="3" THEN INPUT Ga:PRINT : PRINT " 3.Ga=";Ge;"db": GOTO 810

IF C$="4" THENPRINT : PRINT ° ENTER THE AZIMUTH BEAMWIDTH A.B IN Deg.”
IFC$="4" THEN INPUT AB: PRINT : PRINT “4. AB=";AB;"Deg.": GOTO8iC
IFC$="S" THENPRINT:PRINT " ENTER THE ELEVATION COVERAGE ECmin,ECmax iN Deq.”
IF C$="5" THEN INPUT ECmin,ECmex : PRINT : PRINT ° 5. ECmin=";ECmin; "
ECmax=";ECmex;"Deg.”:GOTO 810

IFC$="6" THEN PRINT : PRINT ~ ENTER THE ANTENNA SCAN RATE Wm INRPM"
IFC$="6" THEN INPUT Wm : PRINT : PRINT " 6. Wm=",Wm;"RPM": GOT0 810

IF C$="7" THENPRINT : PRINT "ENTERTHEPRF fp INHZ"

IFC$="7" THEN INPUT fo- PRINT :PRINT " 7. fp=",1p;"H2": GO 8¢

IF C$="8" THEN PRINT : PRINT "ENTER THE PULSE WIDTH T iN microsec.”
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700 IFC3="8" THEN INPUT T.PRINT : PRINT * 8.T=",T,"microsec.”: GOTO 810

710 IFC$="9" THEN. PRINT : PRINT " ENTER THE RECEIVER NOISE FIGURE F IN db”

720 IFC$="9" THEN INPUT F:PRINT : PRINT “ 9. F=";F;"db": GOT0 810

730 IFC3="10" THENPRINT : PRINT "ENTER THE AIRCRAFT'S RADAR CROSS CECTION F1C v
psm*

740 IF C$="10" THEN INPUT RCS:PRINT : PRINT * 10. RCS=";RCS;"dbsm": GCTC § /v

750 IFC$="11" THENPRINT : PRINT " ENTER THE RANGE OF THE AIRCRAFT R INKm"

760 IFC$="11" THEN INPUT R:PRINT : PRINT " 1 1.R=";R;"Km": GOTD 810

770 IFC$="12" THEN PRINT : PRINT " ENTER THE CHAFF RMS YELOCITY SPREAD Su INm/sec.”

780 IFC$="12" THEN INPUT Su: PRINT : PRINT ° 12. Su=";5u;"m/sec.”: GOTO 810

780 (FC$="13" THEN PRINT : PRINT “ENTER THE CLUTTER-TARGET SIGNAL RATIO {S/Njout Ih
db”

800 IFC$="13" THEN INPUT SNout : PRINT : PRINT " 13. SNout=",SNout;"db" - GCTC 810

810 PRINT:PRINT " {SEVERYTHING 0.K NOW?*"

820 INPUT B$

830 IF LEFT$(BS,1)="Y" ORLEFT$(BS$,1)="y" THEN GOTO 870

840 PRINT : PRINT " WHAT DO YOU WANT TO CHANGE AGAIN?"

850 PRINT:PRINT “HIT ANY KEY IN YOUR KEYBOARD AND EVERYTHING WILL WORK FOR YOU
MALAKA®

860 INPUTFS$ :60TD410

870 RETURN

880 RIZ I IS IIII I Al Il A ALl 22 Xy2l )

890 PRINTS THE INPUT DATA

900 CAR A A0 4 b 20 A0 A A0 4 A b b b 2040 A A A A A A A 4 AP 0 20 0 0

310 LPRINT :LPRINT TAB(30); “ PROBLEM #9°

920 LPRINT TAB(30); ® ———-~---- )

330 LPRINT:LPRINT "GIVEN

940 LPRINT * —----—---"

950 LPRINT :LPRINT " 1.10=";10;"GHz" SPC(15); ~: OPERATINGFREQ."

860 LPRINT :LPRINT " 2. Pp=",Pp;"MW" SPC(18); " : PEAK POWER"

970 LPRINT :LPRINT " 3. Ga=";6a;"db" SPC(17); " : ANTENNA GAIN

980 LPRINT:LPRINT "4 AB=";A6:"Deq.” SPC(13); ": AZIMUTH BEAMWIDTH"

990 LPRINT :LPRINT "S.ECmin=",ECmin; " ECmax=",ECmex;” Deg.”; " : RANGE OF ELEVAT!ON
COVERAGE”

1600 LPRINT :LPRINT " 6. Wm=",Wm,;"RPM" SFC(17); " : ANTENNA SCAN RATE"
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4

' ,':t 1010 LPRINT: LPRINT " 7. 1p=";1p;"H2" SPC(16); " :P.RF"
i 1020 LPRINT : LPRINT ~8.T="T;"microsec.” SPC(12); ": PULSE WIDTH"
o 1030 LPRINT : LPRINT " 9.F="F;"ab" SPC(19); " : RECEIVER NOISE FIGURE"
. 1040 LPRINT LBRINT " 10.RC5=":RCS;"dbsm" SPC(13); "1 AIRCRAFT'S 2aDAR TRIC5 1017 10
s - £SO LPRINT - LPRINT ° 11.R=",R;"Km" SPC(16); " : RANGE OF THE AIRCRAFT”
-} 1060 LPRINT:LPRINT " 12. Su=";5u;"m/sec.” SPC(13);" :CHAFF RMS VELOCITY SPREAD”
. 1070 LPRINT :LPRINT " | 3. SNout=";SNout; db" SPC(1 1); *: CLUTTER-TARGET SIGNAL RATIO
" (5/N)out"
R 1080 RETURN
: .:.. 1 090*4*!*0*&4.!ii’!*!!i.li!i!’!!*!*ﬁ!’*’!**
kK 1160 * CALCULATION & PRINTOUT OF THE OUTPUT
1 '20‘!4&#!0!G*ddéi!Il!!lbll!bllll*lll&*l*l**
1130 PRINT : PRINT : PRINT * OUTPUT-
o= {140 PRINT = ------ -
o 1158 LPRINT :LPRINT : LPRINT " OUTPUT"
hd 1160 LPRINT * -=----"
54 1170 LET C=3*10'8
1 1180 LET 10=10*10°9
-~ 1190 LET1-C/10
y 1200 LET P1=3.14159
1210 LETImax=CINT(fp"2*1°2/(16*P12*5u)*(4))
1220 LETImax | =CSNG( 10* 4342945#*L0G(Imax))
1230 PRINT : PRINT “ THE BEST IMPROVEMENT THE DELAY LINE CANCELER WILL PRGYIDE S
o 1240 PRINT : PRINT “ Imax=";imex; numeric”;” OR";Imax 1;"db"

- 1250 LPRINT :LPRINT "~ THE BEST !MPROVEMENT THE DELAY LINE CANCELER WILL PRCV!DE IS

; 1260 LPRINT :LPRINT ~ Imax=";Imax; numeric";" OR";imax 1;"db"
5 1270 LET SNin=-SNout-Imax |

N 1280 LET SNin=5Nin/10:5Nin=10"SNin

% 1290 LET N=CSNG(RCS/(.15*1°2*SNin))

= 1300 PRINT : PRINT “N=";N;": DIPOLES INRESOLUT ION CELL"

‘.3' 1310 LPRINT : LPRINT *N=":N;": BIPOLES INRESOLUTION CELL"

1320 RETURN

. S x““’;. l"'ﬂ ..'l e‘:‘l 5 % _‘ll_,
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PROBLEM#9

o

) .{".'-

gl

el GiVEN

- - EEEE—

) 1.10= 1.3 GHz : OPERATING FREQ.

“,5_.‘; 2.Pp= 2 MW : PEAK POWER

2 3.6e= 35 db : ANTENNA GAIN

’ 4. AB= 1.3 Deg. : AZIMUTH BEAMWIDTH

5. ECmin= .2 ECmex= 45 Deq. : RANGE OF ELEVATION COVERAGE

o 6. Wm= 5 RPM : ANTENNA SCAN RATE
0N 7.1p= 360 Hz PRF
'E; 8.T= 6 micrasec. : PULSE WIDTH

2

. 9.F= 8 db : RECEIVER NOISE FIGURE

N 10. RCS= 10 dosm : AIRCRAFT'S RADAR CROSS SECTION
N 11.R= 100Km : RANGE OF THE AIRCRAFT

.\." -

S 12.Su= 1 m/sec. : CHAFF RMS VELOCITY SPREAD

] 13. SNout= 10 db : CLUTTER-TARGET SIGNAL RATIO (5/N)out

- ’
I
o QUTEUT
=L THE BEST IMPROVEMENT THE DELAY LINE CANCELER WILL PROVIDE IS

Imax= 175 numeric OR 22.4304 db
N=2190750 :DIPOLES IN RESOLUTIONCELL
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MHz"
370

340

PRINT : PRINT TAB(30); * PROBLEM # 10°

PRINT TAB(30); * --~------ .

GOSUB 100 : GOSUB S 10

EOCUR 320 : 5G5UB 790

P2INT 2RINT * DO YOU WANT T0O TRY AGAIN FOR DIFFERENT OR THE SAME DATA /™
iNPUT D$

IF LEFT$(D$,1)="¥" ORLEFT$(D$,1)="y" THEN 30

END

S AP AP A 40 A 3030 A0 B A0 0 b B0 A0 40 0 40 A0 20 20 50 30 20 A S 40

INPUTS THE DATA

RIIITIZET I LI LS ST AL Ly 2L 2L L]

PRINT : PRINT " ENTER THE SWEEP RANGE F 1,F2 OF THE HF RECEIVER IN MH2"
INPUTF 1 F2:PRINT : PRINT " 1. F1-F2=",F1"-"F2;"MHz"

PRINT: PRINT “ENTER THE TIME THAT THE RECEIVER SWEEPS THE ABCVE ZANGE CF 7REL.
INPUT T : PRINT : PRINT * 2. T=",T;"timas/sac.”

PRINT : PRINT “ ENTER THE FREQ. RESOLUTION DF IN KHz"

INPUT DF : PRINT : PRINT * 3. DF=";DF ;"KHz"

PRINT : PRINT “ENTER THE RECEIYER NOISE FIGURE F IN db”

INPUT F : PRINT : PRINT " 4. F=";F;"db"

PRINT : PRINT * ENTER THE ANTENNA NOISE TEMPERATURE Ta IN KELVIN
INPUT Ta: PRINT : PRINT ° 5. Ta=";Ta;"KELVIN®

PRINT : PRINT * IS THE INPUT DATA CORRECT Y/N?*

INPUT A$

IFLEFT$(A$,1)="Y" DR LEFT$(A$, 1)="y" THEN 490

PRINT : PRINT * WHAT OF THE FOLLOWING DO YOU WANT TO CHANGE?"

PRINT : PRINT * 1. THE SWEEP RANGE?"

PRINT : PRINT " 2. THE TIME THE RECEIVER SWEEPS THE ABOVE RANGE?"
PRINT : PRINT * 3. THE FREQ. RESOLUTION?"

PRINT : PRINT 4. THE RECEIVER'S NOISE FIGURE?"

PRINT : PRINT ° S. THE ANTENNA NOISE TEMPERATURE?"

INPUT C$

IF C$="1" THEN PRINT : PRINT " ENTER THE SWEEP RANGE F 1 ,F2 OF THE 4F RECZIVER IN

IFCS="1" THENINPUTF1,F2 PRINT:PRINT “ 1 FI-F2="FI"-"F2."MK2" GATD <4
IFC$="2" THENPRINT : PRINT " ZINTER THE TiME THAT THE REZE '/ER SWEEPS THE azZC+E
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B

e RANGE DF FREQ." )
4_.: 350 IFC$="2" THENINPUT T:PRINT : PRINT *2.T="T;"times/sec." : GOTO 430
48 360 IF C$="3" THEN PRINT : PRINT * ENTER THE FREQ. RESOLUTION OF IN KHZ"
” 370 IFC$="3" THEN INPUT OF : PRINT : PRINT ° 3. DF=",DF ;"KHz": 6072 436
o 380 IFC$="4" THEN PRINT :PRINT " ENTER THE RECEIVER NOISE FIGURE F IN 3b° ,
”’gﬁ’ 390 IFC$="4" THEN INPUT F: PRINT : PRINT " 4 F="F;"ab": GOTO 430
355 400 IFC$="S" THENPRINT : PRINT " ENTER THE ANTENNA NOISE TEMPERATURE T4 INKELVIN'
5 420 IFC$="5" THEN INPUT Ta:PRINT : PRINT 5. Te=";Te;"KELVIN": GOTO 430
o 430 PRINT : PRINT " IS EVERYTHING O.K NOW?"
:::: 440 INPUT BS
L 450 IF LEFT$(B$,1)="y" OR LEFT$(BS$,1)="y" THEN GOTO 490
460 PRINT : PRINT " WHAT DO YOU WANT TO CHANGE AGAIN?"
% 470  PRINT:PRINT “HIT ANY KEY IN YOUR KEYBOARD AND EVERYTHING WILL WORK FOR Y0U
? MALAKA®
R 480 INPUTF$ :GOTD 260
L. 490 RETURN

500 S0P A0 A0 A0 A0 A0 A0 A0 40 45 46 A0 40 S0 44 A0 46 S0 30 40 40 96 40 20 98 90 98 S0 2 S0 %

W
';{.:f- 510 °  PRINTS THE INPUT DATA
-

.{

520 SO0 B0 A0 20 A0 A 30 A0S0 A A0 B0 S0 20 A0 3 20 30 50 20 30 90 3 Bb A0 34 90 20 9 0 4

S30 LPRINT :LPRINT TAB(30); * PROBLEM #10"

540 LPRINT TAB(30);" ---------- . '
5 5SSO LPRINT:LPRINT "GV EN'

\” 560 LPRINT * ----=-=--"

5 570 LPRINT:LPRINT * 1.F1-F2="F 1"-"F2;"MHz" TAB(20); " : SWEEP RANGE OF THE HF
RECEIVER"

o 580 LPRINT :LPRINT “2.T=";T;"times/sec.” TAB(20); *: TIME THAT THE RECEIVER SWEEPS THE
B ABOYE RANGE OF FREQ."

.. 580 LPRINT :LPRINT * 3. DF =*,DF;"KHz" TAB(20); ° : FREQ. RESOLUTION"

= 600 LPRINT :LPRINT * 4 F=";F;"db" TAB(20); * :RECEIVER NOISE FIGURE"

s 610 LPRINT:LPRINT *5.Te="Ta;"KELVIN"TAB(20);" : ANTENNA NOISE TEMPERATURE"
.‘: 620 RETURN

r 630 K222 222X 222l IR SRS LY Y

640 ° CALCULATION & PRINTOUT FOR PART &:

i::: 550 REALATLILIALEILELESIE LTSI E YRR 2 2 2 X 22

f:: 560 LT Wi=(F2-F 1)/(1/T)
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670 LETT1=1/(DF*10'3)

)
e

:ﬁ; 680 LETW=WI*T1¥1000 ‘KMz

ap} 690 PRINT : PRINT : PRINT * PART a:"

"' 700 PRINT *=------;

;i":r 710 LPRINT : LPRINT : LPRINT * PART &

e 720 LPRINT * ------="

sl 730 PRINT : PRINT * W=";W;"KHz"; * : BANDWIDTH OF THE RECEIVER'S FILTER"
) 740 LPRINT : LPRINT “W=";W;"KHz"; " : BANDWIDTH FORRECEIVER'S FILTER"
P 750 PRINT :PRINT *T="T1;"sec.”;" : TIME DELAY FOR RECEIVER'S FILTER"
b 760 LPRINT :LPRINT “T="T1;"sec.”; ": TIME DELAY FOR RECEIVER'S FILTER"
A 770 RETURN

. 780 SN A0 b A0 b A A0 A0 4 A b A A0 A0 A A A0 48 40 A0 30 40 040 40 00 2 A 0 A0 0 4 0 4

}ffé’ 790 * CALCULATION & PRINTOUT FOR PART b:

:?:a aco SO AP AL A AL AN A I A0S0 A0 B0 B0 A0 A0 2020 A0 A0 2000 0 A0 A0 0

Y 810 LETTO=Ta : F1=F/10: F2=10'F1

o, 820 LET Te=(F2-1)*T0 : K=1.38%10"-23

_;?{‘:; B30 LETMDS=K*(Ta+Te)*(1/(2*T1))

:zif , 840 LETMDS=CINT(10*.4342945%*L0G(MDS))

Y 850 LET MDS=MDS+F+30

e 860 PRINT : PRINT : PRINT * PART b:*

E‘ 870 PRINT " ------- :

ek 880 LPRINT : LPRINT : LPRINT " PART b:"

-;.’f.

890 LPRINT * -——----"
900  PRINT : PRINT * M.D.S=";MDS;"dbm"
910 LPRINT :LPRINT “M.D.S=";MDS; dbm"
920 RETURN
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- PROBLEM® 10

GIVEN
¢ 1.F1-F2=2-32MHz : SWEEP RANGE OF THE HF RECEIVER
N 2.T= 25 times/sec. : TIME THAT THE RECEIVER SWEEPS THE ABOVE RANGE OF FREQ.
K 3.DF= 2KH2 : FREQ. RESOLUTION
2 N 4.F=3db :RECEIVER NOISE FIGURE
N S. Ta= 290 KELVIN : ANTENNA NOISE TEMPERATURE

A;:-{ PART 5
"‘.-:‘ W=375KHz: BANDWIDTH OF THE RECEIVER'SFILTER
a3 T=.0005 sec.: TIME DELAYFOR RECEIVER'SFILTER

(- PARTD:
L, M.D.5=-138dbm
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